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HUMAN SALMONELLOSIS IN BELGIUM: RECENT TRENDS AND OUTBREAKS IN 2003
COLLARD, J.M., S. BERTRAND, L. WILLEMS, D. BAEYENS, F. DE COOMAN, H. STEENHAUT, M.
LATTUCA, E. MAIRIAUX, Y. DUPONT, C. GODARD, C. WILDEMAUWE AND M. VRINTS
National Reference Center for Salmonella and Shigella, Bacteriology Division, Scientific
Institute of Public Health
http://www.iph.fgov.be/bacterio
Introduction
Non-typhoidal salmonellosis is an important zoonotic disease, usually food borne although it can
be spread from person to person or acquired from pets. The salmonellae that cause typhoid fever
(10-20 cases a year in Belgium) and other enteric fevers spread mainly from person-to-person via
the fecal-oral route and have no significant animal reservoirs. Asymptomatic carriers may spread
the disease.
In Belgium, salmonellosis is with campylobacteriosis the most frequently reported foodborne
illness. In 2003, the incidence was 125 laboratory-confirmed cases/100,000 inhabitants for the
whole country, although incidence significantly varied depending on the geographical location
(Fig. 1).
Figure 1. Human Salmonella, distribution in the administrative districts and incidence rate
(cases/100.000 inhabitants; Belgium, 2003).
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AL: Aalst, AR: Arlon, AT: Ath, AW: Antwerpen, B: Bruxelles, BG: Brugge, BS: Bastogne, CR: Charleroi, DM: Dendermonde, DN: Dinant,
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The genus Salmonella contains two species: Salmonella enterica and Salmonella bongori.
Recently, a strain (FRCI) isolated from a low-pH, nitrate- and U(VI)-contaminated subsurface
sediment was proposed to represent a new species, Salmonella subterranea sp. nov1.
Salmonella enterica is divided into six subspecies: enterica, salamae, arizonae, diarizonae,
houtenae and indica, and the first of them (S. enterica subsp. enterica) contains almost all
important pathogenic serotypes.
The increased occurrence of Salmonella infections within the last decades has accentuated the
need for serotyping as a base for proper diagnosis, identification of sources of infection,
control of products and to gain better understanding of the global epidemiology of
Salmonella. According to the O (somatic) antigens, H (flagellar) antigens and Vi (capsular)
antigens Salmonella strains can be divided into 2501 serotypes. Some of the serotypes can be
further divided into phage types (PTs) based on host specificity of the bacteriophage. In a
global survey of 104 countries, three serotypes, S. Enteritidis, S. Typhimurium and S. Typhi
accounted for 76.1% of all isolates reported in 1995.

Surveillance system and methods used
Data were obtained by a weekly updated surveillance system. In 2003, the National Reference
Centre for Salmonella and Shigella received the human Salmonella isolates from 188
peripheral clinical laboratories. All isolates were serotyped by slide agglutination with
commercial antisera following the Kauffmann-White scheme. When necessary, additional
biochemical tests were realized to confirm the identification or to differentiate between the
subspecies.
Phage typing (Department Pasteur Institute - IPH) and antimicrobial susceptibility testing
were realized on isolates randomly sampled from the four serotypes Enteritidis,
Typhimurium, Hadar and Virchow. Two additional serotypes (Brandenburg and Derby) were
also randomly sampled and only tested for their antimicrobial susceptibility.

Objectives
The aim of our national surveillance program is to document the occurrence and trends of
serovars, to detect local, regional, national or even international outbreaks, to find and
eliminate the source, and to suggest preventive actions to the Belgian Food Agency (FASFC).
This national salmonella surveillance is also intended to rapidly interact at the international
level via electronic communication (with the Enter-net network) and will help to detect
outbreaks and target future prevention strategies.
9

Results of investigations in 2003 and epidemiological history – Serotypes
Since 1987 a remarkable increase in the number of registered human salmonellosis was
monitored by the National Reference Centre, with a peak of 15,774 cases in 1999. This
situation was chiefly linked to the increase of Salmonella Enteritidis, the most important
serotype in Belgium. This serotype emerged in the 80’s since it was capable of systemic
colonisation of poultry, leading to widespread contamination of raw eggs or lightly cooked
food containing eggs. From 1987 to 1999, the incidence of laboratory-confirmed cases in
Belgium doubled to reach a value of 160/100,000 inhabitants in 1999.
Since then the total number of laboratory-confirmed cases fell to 14,088, 10,783 and 10,075
reports in 2000, 2001 and 2002, respectively (Table 1). In 2003, an increase in the total
number of human salmonellosis was again recorded (28% more than in 2002). This resulted
from the spectacular increase of the serotype Enteritidis in 2003 which exceeded for the first
time 70% of the total representativeness. A significant excess isolation of Salmonella
Enteritidis was also reported by the Netherlands in June 2003. The hot summer in 2003 could
not explain the findings. In Belgium, a doubling of salmonellosis cases was already observed
from May (388 cases in 2002 and 805 cases in 2003), whereas a difference of 0.8°C was
observed in the mean temperature between May 2002 and May 2003. Our Dutch colleagues
from the RIVM explained that strong evidence was found to suggest that the increase in
importation of contaminated eggs, as the result of the avian influenza outbreak, was the most
probable reason for this excess. The evolution in the Enteritids phage types in 2003 in
Belgium is also in agreement with this findings (Fig. 3). Typhimurium, the second serotype of
importance, declined from 1999 until 2001 and then remained stable in ‘number of isolates’
(although its representativeness decreased in 2003 due to the increase of Enteritidis).
Table 1: Trends for the most prevalent Salmonella serotypes from 1998 to 2003.
1998
S. Enteritidis
S. Typhimurium
S. Virchow
S. Derby
S. Brandenburg
S. Hadar
Others
Total number:
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9003
3221
115
162
274
459
1280
14514

62.0%
22.2%
0.8%
1.1%
1.9%
3.2%
8.8%
100%

1999
10492
3348
86
138
279
237
1194
15774

66.5%
21.2%
0.5%
0.9%
1.8%
1.5%
7.6%
100%

2000
9503
2799
147
169
322
178
970
14088

67.8%
20.0%
1.1%
1.2%
2.3%
1.3%
6.4%
100%

2001
7104
2370
142
158
200
143
948
11065

64.3%
21.4%
1.3%
1.4%
1.8%
1.3%
8.5%
100%

2002
6398
2438
132
92
148
74
793
10075

63.5%
24.2%
1.3%
0.9%
1.5%
0.7%
7.9%
100%

2003
9201
2512
152
100
66
60
803
12895

71.4%
19.5%
1.2%
0.8%
0.5%
0.5%
6.1%
100%

Other important Salmonella serotypes in 2003 (Fig. 2) with 50 isolates or more were Virchow
(n=152), Derby (n=100), Brandenburg (n=66), Hadar (n=60), 4:i:- (n=59), Goldcast (n=55),
and Infantis (n=52).
It is noteworthy that the number of Salmonella Virchow isolates increased from 1999 and
then remained stable (between 132 and 162 isolates a year). This serotype represents now the
third serotype of importance. This augmentation reveals an unfavourable evolution in view of
the high antimicrobial resistance level of that serotype (+ ESBL production and reduced
susceptibility to ciprofloxacin in some isolates).
A significant drop of Salmonella Hadar (459 in 1998 vs 60 in 2003) and Salmonella
Brandenburg (322 in 2000 vs 66 in 2003) cases was also observed over the last years.
Figure 2. Top ten human Salmonella serotypes reported in 2003

Goldcast 0.4%
Infantis 0.4%
Livingstone 0.3%
Others 4.6%

Enteritidis 71.4%

4:i:- 0.5%

Hadar 0.5%

Brandenburg 0.5%
Derby 0.8%

Virchow 1.2%

Typhimurium 19.5%

Bacteraemia
In 2003, 301 cases of bacteraemia were reported. Most bacteraemia cases were due to
serovars Enteritidis and Typhimurium (86.7%). Salmonella Paratyphi A, 9(Vi+):-:-, Typhi,
Paratyphi B, and Dublin were found as the most invasive serovars.

Antimicrobial resistance and phage typing
A total of 523 human Salmonella isolates, randomly collected in 2003 from the most
important serotypes, were examined for their resistance by disk diffusion to thirteen
antibiotics which are of therapeutic or epidemiological interest. Antimicrobial susceptibility
was determined by the disk diffusion method according to the NCCLS recommendations. The
following antibiotics were tested: ampicillin (AMP), amoxicillin + clavulanic acid (AMX),
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cefotaxime (CTX), chloramphenicol (CHL), ciprofloxacin (CIP), gentamicin (GEN),
kanamycin (KAN), nalidixic acid (NAL), streptomycin (STR), sulfonamides (SUL),
tetracycline (TET), trimethoprim (TMP), trimethoprim + sulfamethoxazole (SXT).
Resistance was mostly found against tetracycline (31.3%), ampicillin (29.9%), nalidixic acid
(29.5%), and to a lesser extent against streptomycin (20.6%), sulphonamides (17.2%) and
trimethoprim + sulfamethoxazole (11.6%).
All Salmonella Hadar isolates (n=42) were resistant to at least two antibiotics. The highest
antibiotic resistance levels were observed for this serotype. Resistance to tetracycline,
nalidixic acid, ampicillin and streptomycin reached values from 71.4 up to 90.5 % (Table 2).
Simultaneous resistance to these four antibiotics was observed in 57% of these isolates.
However, isolates from this serotype remained fully sensitive to cefotaxime, chloramphenicol,
and gentamicin.
Salmonella Typhimurium (n=314) also showed a high level of antibiotic resistance with 29%
of isolates resistant to four or more antimicrobial agents (defined as multiresistance). Eighteen
percent of the isolates were shown resistant to ampicillin, chloramphenicol, streptomycin,
sulfonamides and tetracycline (R-type ACSSuT with or without additional resistances), of
which 73% were of definitive phage type (DT)104. Three full resistances against
ciprofloxacin were also detected in multiresistant Salmonella Typhimurium isolates (all three
from phage type 12/ad).
Multiresistance was also common in Salmonella Virchow (n=44; 60% of the isolates instead
of 29.7% in 2002). The highest incidence of resistance was observed for nalidixic acid
(86.4%). Resistances to ampicillin, tetracycline and to trimethoprim + sulfamethoxazole were
common (> 50%). Resistance to cefotaxime (due to an ESBL –CTX-M2 type) was found in
14% of the Salmonella Virchow mutiresistant isolates. The molecular analyses revealed for
the three isolates two substitutions Ser83 to Phe (TCC→TTC) and Asp87 to Asn
(GAC→AAC) in GyrA concomitantly to a substitution Ser80 to Arg (AGC →CGC) in ParC.
In contrast, the vast majority of Salmonella Enteritidis (95.9%), Salmonella Brandenburg
(93.5%) and Salmonella Derby (93%) isolates remained sensitive to all antibiotics tested.
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Resistance patterns and levels in 2003 were generally the same than those in 2002 and 2001,
except for the serotype Virchow for which a significant increase of resistance against
cefotaxime, tetracycline, sulfonamides, and trimethoprim + sulfamethoxazole was observed
(Table 2). Co-trimoxazole resistance (trimethoprim + sulfamethoxazole) did also appear in the
serotype Hadar in 2003.

Table 2: Antimicrobial resistance in human Salmonella of serotypes Enteritidis,
Typhimurium, Brandenburg, Derby, Hadar and Virchow isolated in 2003 (N=523), 2002
(N=681) and in 2001 (N=682).
Serotype
Enteritidis
2003
2002
2001
Typhimurium
2003
2002
2001
Brandenburg
2003
2002
2001
Virchow
2003
2002
2001
Derby
2003
2002
2001
Hadar
2003
2002
2001

No.of
isol.
AMP

AMX CTX

NAL

CIP

% of resistant strains
TET
CHL GEN

KAN

STR

TMP

SUL

SXT

49
203
197

4.1
1.5
2.5

0
1.0
-

0
0
0

0
1.0
1.0

0
0
0

0
0.5
1.0

0
0.5
0

0
0
0.5

0
0
0

0
0.5
0.5

0
0
1.5

0
0
2.5

0
0
1.5

314
319
308

43.6
39.0
50.0

6.1
14.0
-

0
0
0

2.5
1.6
3.2

1.0
0.3
0.6

41.7
52.0
59.1

20.5
26
39

1.6
0.9
0.6

2.2
0.6
1.3

34.1
39.0
46.8

9.6
9.1
12.0

40.4
41.0
52.3

9.9
8.8
12.3

31
34
38

3.2
0
5.3

0
0
-

0
0
0

0
0
0

0
0
0

3.2
8.8
18.4

3.2
0
2.6

0
0
2.6

0
0
0

6.5
2.9
5.3

0
0
5.3

3.2
0
7.9

0
0
2.6

44
47
51

52.3
40.0
19.6

15.9
19.1
-

13.6
6.4
3.9

86.4
80.9
47.1

0
0
0

50
25.5
15.7

0
2.1
3.9

2.3
0
0

4.5
0
0

9.1
10.6
11.8

52.3
31.9
15.7

52.3
34.0
15.7

52.3
29.8
8.0

43
34
37

0
0
2.7

0
0
-

0
0
0

0
0
0

0
0
0

2.3
2.9
5.4

0
2.9
0

2.3
0
0

0
0
0

2.3
17.6
2.7

2.3
2.9
5.4

2.3
2.9
8.1

2.3
2.9
5.4

42
44
51

76.2
80.4
66.0

28.6
56.5
-

0
0
0

88.1
93.5
92.0

0
0
0

90.5
97.8
94.0

0
0
0

0
0
0

7.1
2.2
2

71.4
95.7
94.0

4.8
2.2
0

4.8
2.2
0

4.8
0
0

Distribution of the different phage types in 2003; comparison with the period 2002-2000
5.4% (n=492) of the Salmonella Enteritidis isolates were phage typed. PT21 (34.1%) was the
predominant phage type found in 2003. PT4 which was the predominant phage type over the
last three years became the second most prevalent phage type in 2003 with 27.6%. Only
PT14b (12.6%) and PT8 (9.8%) were found in more than 5 % of the isolates. These two phage
types increased markedly over the last years (Fig. 3).
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Figure 3. Salmonella Enteritidis. Phage type distribution in 2003. NT = Not typable
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In Salmonella Typhimurium (n=315; 12.5% of the total isolates) definitive phage type
(DT)104 was predominant (18.7%). 69.5 % of this phage type was resistant to ampicillin,
chloramphenicol, streptomycin, sulphonamides and tetracycline (with or without additional
resistances). Other common phage types were DT193 (16.5 %), DT120 (14.6 %), and DT12
(5.6 %). The provisional phage type U302, which is related to DT 104, was found in 5.4% of
the tested isolates.
For the serotype Hadar (n=42), the most common phage types in 2003 were PT2 (19%),
followed by PT1 (16.7%), PT9 (9.5%), PT11 (7.1%) and PT4 (7.1%).
About one third of the Salmonella Virchow isolates (n=44; 36%) were PT21 (29.5 %). The
other prevalent phage types were PT4-mutiresistant and ESBL producer (13.6%), and PT8
(11.4%). On the period 2001-2003, PT8 decreased and PT4, PT16 and PT21 increased.
Conclusions: Data and strain collection from laboratories, as well as typing in the Reference
Centres provide valuable information on evolution trends and antibiotic resistance in
Salmonella. The 2003 data showed a rise of Salmonella Enteritidis and a worrying increase in
resistance to important antibiotics for some serotypes (ciprofloxacin resistance in
Typhimurium and ESBL production in Virchow).
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SOME STRIKING SEROTYPE-ASSOCIATED EMERGING ANTIBIOTIC RESISTANCE
OUTBREAKS IN SALMONELLA
BUTAYE, P.
CODA-CERVA-VAR, Groeselenberg 99, 1180 Brussel

Antibiotic resistance in bacteria is an ever growing, worldwide problem. Since the
introduction of antibiotics, resistance has been selected massively, both in pathogenic and
non-pathogenic bacteria. Resistance is now at a level that some infections are close to nontreatable. However, some bacteria seem to be less susceptible to acquiring resistance, while
others are frequently multi-resistant. Even within a species the dynamics of resistance may
show striking differences. Its cause remains unknown. In this presentation, I would like to
show three episodes of the spread of multi-resistant salmonellae in Belgium. Similar episodes
have been described in other countries with other serotypes.
While Salmonella enterica subspecies enterica serotype Enteriditis has remained in general
susceptible to antibiotics, other serotypes like Typhimurium have easily acquired resistance.
In Belgium an episode of multi-resistant S. Typhimurium occurred during the nineties. This
multi-resistance included enrofloxacin. It was only seen in strains originating from cattle. It
started in 1991 with a few strains being resistant, but in 1992 nearly 30% of the strains were
resistant. Afterward their numbers slowly diminished and in 1995, this type of resistance
disappeared. In 1998,only one resistant strain was found, and, until now, no enrofloxacin
resistant strains have been detected since. Except for one DT104 strain, all isolates belonged
to the serotype DT204.
Fluoroquinolone resistance is typically mediated by a mutation in the target. This implies that
this type of resistance is not transferable. Though only phage typing has been performed, the
results strongly suggest that a single clone had infected the cattle concerned and that, for some
reason, this clone has disappeared. All strains originated from cattle with clinical symptoms of
salmonellosis. Seemingly, after its disappearance other clones replaced this specific clone, at
that moment more “fit” for the bovine population. Unfortunately, so far no long term studies
have been performed on the clonality of S. Typhimurium infecting cattle. Such a study might
increase our knowledge on the dynamics of salmonellae in a given population.
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A second episode of multi-resistance in a serotype started in 1993. This time, the serotype was
Agona and it was spreading in poultry. A complete analysis was performed, studying the
evolution of the resistance, its mobility, the environment in which the resistance was inserted,
and the genetic background of the strains.
Strains were investigated retrospectively from 1992 till 2002. The first MDR (multi-drug
resistant) strain was detected in 1993. The strains exhibited the same resistance profile as the
emerging multi-resistant S. Typhimurium DT104 (ACSSuT). Preliminary genetic analysis
showed that the strains also carried a SGI1 (Samonella Genomic Island 1). Since then
different variants of SGI1 have been described in S. Agona, with different resistance profiles.
In this longitudinal study, we showed that the genetic background of the bacteria remained the
same. In PFGE, one specific band varied with the presence of a different SGI1. This means
that the same strain (clone) has remained in the poultry population for more than 10 years,
while its resistance profile has varied due to insertion/deletion events in a specific resistance
region. In contrast the genomic island has been shown to be mobile, though, it seemed not to
have moved to other S. Agona strains. Since 2003, resistance in S. Agona has been
diminishing, most likely due to the disappearance of the resistant clone. While this strain was
often seen in poultry, SGI-1 positive S. Agona was only detected once in a human.
A third episode concerned S. Virchow in poultry. This serotype is typically resistant to
nalidixid acid (up to 95% show this resistance). ATTsuNal (ampicillin, tetracycline,
Trimethoprim-sulfonamides, nalidixid acid) was the most frequently detected multi-resistance
profile. The first 4 ceftiofur resistant strains were found in 2000, on a total of 153 strains
tested. In 2001 thirteen out of the 167 strains examined were ceftiofur resistant. In 2002 seven
out of 161 strains were found to be ceftiofur resistant. In 2003 however, 294 S. Virchow
strains were isolated and 86 strains (nearly 30%) were ceftiofur resistant. The typical profile
was ACefTTsuNal. This increase urged us to keep a close eye on the situation. Preliminary
results showed that the cefalosporin resistance was transferable and located on a plasmid.
Further genetic analysis showed that the CTX-M2 gene, which is responsible for resistance to
ceftiofur, was present on a complex integron.
Even though not all strains are tested yet, it seems that here too a single clone is spreading, a
spread which started in 2000. In 2004, however, this type of resistance has diminished
dramatically compared to 2003. Also the number of strains seems to have been reduced. Up
until June 46 strains were tested, of which only 4 showed the AcefTTsuNal resistance profile,
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and 3 the profile ACef. A major difference with the S. Agona episode is that here the strains
were also detected in humans samples.
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SALMONELLA ENTERITIDIS: AN ADAPTIVE AND IMPORTANT PATHOGEN
TOM HUMPHREY
University of Bristol, Division of Veterinary Pathology, Infection & Immunity, School of
Clinical Veterinary Science, Langford, Bristol BS40 5DU, Tom.Humphrey@bristol.ac.uk
Introduction
Salmonella is a major international food-borne pathogen. It has been reported that there are
more than 1.3 billion cases of human salmonellosis annually, worldwide, with three million
deaths. These estimates are from 1995 and present a global picture. More recent data from the
United States estimate that there are 1.3 million cases in that country with 600 deaths, each
year. Other recent work suggests that the mortality rates of individuals who have been
infected with Salmonella are three times those of controls in the year after infection. There
are also substantial financial costs associated with Salmonella infection. Thus, there are clear
public health benefits and economic gains to be made by being able to control this pathogen
in the food chain.
The ability of Salmonella to survive in the food chain, and its success as a pathogen, is due, in
part, to its ability to respond effectively to environmental changes. It is unlikely that
Salmonella will ever be eradicated from the food chain — the results from laboratory
research, such as investigations of the response of Salmonella to different stresses, must
therefore be translated into improved intervention strategies for food producers and
consumers.

Contamination of eggs with Salmonella Enteritidis
The last 20 years has seen a marked upsurge in the incidence of Salmonella infection in all
parts of Europe. This has principally been associated with one serovar, Salmonella Enteritidis
and mainly with one phage type (PT), PT4. It is not yet fully understood why this serovar and
to a lesser extent, S. Typhimurium, is so successful as a human pathogen but it is likely to be
associated with an invasive behaviour in food animals, which leads to the contamination of
food interiors. Particularly important in the international Salmonella pandemic is the ability
to infect chicken reproductive tissues and, from there, contaminate egg contents in vivo. It is
believed that a few serovars including Typhimurium and Infantis are also able to do this but S.
Enteritidis is overwhelmingly the most important. Persistence in chicken reproductive tissues
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is associated with rpoS expression and LPS structure, which may be linked. LPS structure is
also important in governing survival in egg albumen, at hen body temperature and the
differences between Enteritidis and Typhimurium in that respect are the reason for the
different survival profiles of the two serovars. Salmonella Enteritidis survives significantly
better than the other serovar. This probably explains the observation from an American group
that although the isolation of the two serovars from reproductive tissues was essentially the
same, S. Enteritidis was more frequently recovered from forming eggs. Work is in progress at
Bristol to try and determine the reasons behind apparent differences between European and
US strains of PT4. This may well be due to variations in LPS structure, particularly associated
with ethanolamine.
Salmonella strains will show a range of behaviours in the food chain, including the ability to
either persist in or move from the animal intestine and invade tissues. Invasive disease
presents a much greater threat to food safety as it can mean that food interiors will be come
contaminated. An important example of this is the continuing pandemic of egg-associated
Salmonella Enteritidis infection, which began in the early to mid 1980s and which is
discussed above. Almost all parts of the world were involved, with the exception of Australia
and New Zealand, although not necessarily at the same time. The pandemic had a dramatic
beginning, which began in the early 1980s and, which first came to international attention in a
paper in 1988, which analysed an increase in human infection in the USA. The pandemic took
the regulatory authorities and the international egg industry by surprise, and has proved
particularly difficult to control. Many millions of people have been infected and many
thousands have died. The exact timing of the beginning of the pandemic and the reasons for it
are unclear. In simple terms, it happened because strains of S. Enteritidis are able to invade
and persist in chicken reproductive tissues. Whether this was a new behaviour has not been
established. It has been suggested that the pandemic started in elite breeding flocks, which
supply the international poultry industry. European strains of S. Enteritidis seem to have a
predilection for the upper regions of the reproductive tract, principally the albumen-secreting
region, where they can persist for the life of the bird without harming the host. It is unclear
why different PTs of S. Enteritidis predominate in different parts of the world, but this might
reflect variations in selection pressures. It is believed, however, that the two major PTs in the
USA and Europe, PTs 8 and 4, respectively belong to different lineages, which could suggest
different sources.
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The ‘new’ feature of the S. Enteritidis pandemic was the ability of this bacterium to enter egg
contents, principally the albumen, in vivo. Thus, eggs are laid already contaminated, which is
in contrast with the behaviour of other Salmonella spp., which are present on the shell as a
result of faecal contamination and which enter egg contents either as a consequence of shell
damage and/or when egg contents are removed. Work is in progress to identify the bacterial
factors important in the survival of Salmonella in egg albumen and one of these may be the
activity of DNA repair systems. The problem of egg contamination has been largely
controlled in the UK by the vaccination of laying flocks under the Lion Code although eggs
are still the major vehicle for Salmonella infection in many parts of the world. Details of the
Lion Code control programme are shown in the text box below. Control measures are not
being applied evenly, even within the European Union, and recent outbreaks of S. Enteritidis
infection in the UK appear to be largely associated with the consumption of eggs from Spain.
Contamination rates of these eggs have been shown to be high. Many mysteries remain about
the behaviour of Salmonella in the chicken reproductive tract, not least the reasons behind the
contamination of egg contents.

Researchers have studied the pattern of distribution of

contaminated eggs produced by hens naturally infected with S. Enteritidis PT4. Each hen was
placed in an individual cage and each egg, from every hen, was examined for the presence of
Salmonella in the egg contents. At first, there was no obvious pattern to the distribution of
contaminated eggs, at least over the time course of the study. There is, however, a suggestion
of grouping of Salmonella-positive eggs at certain times. Thus on a particular day, three hens
laid positive eggs and approximately six weeks later five hens did so, over a two-day period.
This leads to high incidences of contaminated eggs, which has also been seen in outbreak
investigations. As with much else about the contamination of eggs, the reasons for this are
unknown but it has been suggested that it might be stress-related.
In the production cycle chickens can experience conditions, which will induce stress. These
can include the onset of lay, hot weather and intercurrent disease. Stress will induce changes
to the chemistry of the oviduct, which might create an environment more conducive for
Salmonella survival. Hormones such as adrenaline can mediate iron uptake and thus might
cause local increases in bacterial numbers and/or affect survival in the iron-limited egg
albumen. Current vaccination strategies in egg production are focused almost exclusively on
S. Enteritidis. Given that there are other serovars that are also able to contaminate eggs, there
is a public health need to better understand this important event.
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The adaptability of Salmonella
Bacteria are no different from other living beings in that their environment dictates their
behaviour. All food-borne pathogens have many genes that can respond to external pressures.
In the food chain, bacterial pathogens will potentially experience many different
environmental conditions. In the animal intestine Salmonella cells will have to compete with
other microbes for nutrients and may be affected by the metabolic activity of the competing
organisms. Despite this, it could be argued that the conditions that the Salmonella cells will
experience in this environment will be less variable than those outside the animal host. Thus
when the pathogen is excreted into the external environment the bacterial cells will experience
changes in temperature and the levels of available water and oxygen, and might also be
exposed intermittently to sunlight, darkness and other microbial ecosystems
Salmonella have a complex regulatory system, which mediates the bacterial responses to the
external environment and which can be active under the above conditions. A good example
of such regulation are proteins known as sigma factors, global regulators that direct protein
synthesis to produce ‘shock proteins’, which improve the chances of the bacteria surviving
shifts in environmental conditions. The most studied of these in Salmonella is RpoS (RNA
polymerase S), which is primarily produced in response to starvation but is also involved in
responses to changes in pH and temperature, amongst other conditions. RpoS regulates the
expression of up to 50 other proteins and is also involved in the regulation of virulence
plasmids, which are found in many Salmonella spp.

Bacterial stress responses as driving forces for change
Salmonella show marked responses to a wide range of different conditions.

Bacterial

behaviour will also be altered in response to a range of stresses such changes in pH, levels of
available water etc. These are termed stress responses and they not only govern bacterial
survival in the food chain but also are also very important in infection. Thus Salmonella will
respond to oxidative stresses like that caused by nitric oxide or hydrogen peroxide. These
responses have a role in determining infectivity and, at the cellular level, the ability of
Salmonella to inhibit and/or resist intraphagosomal acidification is an important defence
mechanism. It was argued above that responses to environmental change leads to alterations
in bacterial populations, at a genotypic level. One possible example of this is the suggestion
that changes in animal feeding practices in cattle over the past 40 years has been partly
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responsible for the recent emergence of acid-resistant strains of E. coli, such as E. coli
O157:H7.

Extended exposure of Salmonella to stress and food safety
The dose of Salmonella cells required to cause human infection is influenced by the degree of
resistance of the host, which is impaired in the very young, the elderly and those with
immuno-suppressive diseases or treatment, the context of the meal, the matrix in which the
bacteria are ingested and the physiological state of the bacterial cells.

For example,

Salmonella pre-exposed to sub-lethal concentrations of acid, as in mayonnaise, might be
better able to withstand subsequent exposure to gastric acidity, as can cells pre-exposed to
high temperatures, which would occur as a consequence of incomplete cooking. A high-fat
matrix is thought to protect Salmonella against this stressful environment and more
Salmonella cells are likely to survive passage through the gut of a host with diminished
gastric acidity. For these reasons, estimates of the infective dose of Salmonella have been
highly variable. Whilst for humans the typical infective dose for Salmonella is considered to
be in the range of 106 - 108 colony forming units (CFU), epidemiological evidence from
several outbreaks has demonstrated that in many cases the infective dose can be substantially
lower. Such data indicate the protective nature of foods and the potential importance of the
pre-infection environment, particularly where this may elicit a stress response.
Almost all the work Salmonella stress responses has examined changes in bacterial behaviour
and protein expression after short exposures to stresses such as low pH or high temperature.
In nature, however, food-borne pathogens can experience prolonged exposure to a hostile
environment. Little research has focused on this but bacterial behaviour during lengthy
exposures can be very different to that seen with short-term stress. Recent studies have shown
that Salmonella spp. and E. coli O157:H7 respond to prolonged exposure to conditions that do
not normally support bacterial growth in a dramatic and potentially important way, which
may compromise food safety.
It has long been believed that refrigeration and food treatments that lower pH or water activity
(aw) are bacteriostatic for Salmonella but in fact this is not always the case. It is now apparent
that these conditions can inhibit septation and cell division but do not stop bacterial growth or
chromosome replication. Thus, growth continues in terms of an increase in biomass and long
(> 200 µm) multi-nucleate filaments are formed.

This behaviour has been seen in S.
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Enteritidis and S. Typhimurium, in certain foods at low temperatures and low aw.
bacteria also form long filaments at 4°C–8°C, at 44°C, and at pH values of 4.4 and 9.4.
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RISK ASSESSMENT OF SALMONELLA ENTERITIDIS IN SHELL EGGS
WINY MESSENS, KOEN GRIJSPEERDT AND LIEVE HERMAN
Ministry of the Flemish Community, Agricultural Research Centre-Ghent, Department of
Animal Product Quality and Transformation Technology, Brusselsesteenweg 370, B-9090
Melle, Belgium
The exposure assessment of an existing (WHO, 2002) risk assessment (RA) model of
Salmonella Enteritidis (SE) in hen’s eggs was adapted to the Belgian situation. The model
was used to identify effective strategic interventions by means of sensitivity analysis and
mitigation studies.
The exposure assessment can be subdivided in three modules: the production module, the
distribution and storage module and the preparation and consumption module. The production
module is concerned with predicting the fraction of contaminated eggs among the population
of all eggs produced. This fraction is determined by considering flock prevalence, withinflock prevalence, and fraction of contaminated eggs laid by infected hens. Also the SE
concentration of contaminated eggs is predicted. In the distribution and storage module,
convection constants are used to model the changes in internal egg temperature given ambient
temperature and time of storage. The output of this module is a variability distribution for the
number of SE in contaminated eggs. The preparation module simulates each contaminated
egg as it traverses one of several pathways to eventual consumption. A contaminated egg
might go to retail (and eventually home) or institutional users. It might or might not be pooled
with other eggs. Growth can occur during any of the storage steps that a contaminated egg
experiences. Growth is modelled analogously as for the distribution and storage module. A
contaminated egg might be served as an egg-based meal or as an ingredient. Therefore, the
effect of cooking depends on which path it follows. The number of servings to which that egg
contributes also depends on its pathway. The output of the preparation module is a variability
distribution for the number of SE per serving for each of the possible pathways. Each of these
pathways is associated with a certain probability. The distribution of SE contamination levels
is then combined with a dose response model leading to a distribution of salmonellosis cases.
Bacterial growth and survival is modelled similarly for all the possible pathways. Growth is
dependent on time and temperature through a regression model. Bacterial die-off is not
considered except for the cooking stage. Only growth in the yolk is considered, which is
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possible after the yolk membrane is sufficiently deteriorated. For bacteria starting in the
albumen, this imposes a lag phase, which is dependent on time-temperature. A small fraction
of eggs is considered to be initially contaminated in the yolk, leading to a direct growth of SE.
Some outputs of this RA distributions are, all on a yearly basis: the number of contaminated
servings (mean 266 000), the number of cases or illnesses (mean 23 200), the numbers of
deaths (mean 11) and the percentage of contaminated servings with a bacterial count higher
than 105 cfu (mean 0.11%).
A preliminary sensitivity analysis showed that temperature appears to be the most influential
factor. It appears that lowering the temperature during the egg life cycle is the most effective
way to reduce SE caused illnesses, apart from making the flocks totally SE-free.
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RECENT INSIGHTS ON EGG CONTAMINATION AND CONTROL
DE BUCK, J., VAN IMMERSEEL, F., HAESEBROUCK, F., DUCATELLE, R.
Ghent University, Faculty of Veterinary Medicine, Department of Pahtology, Bacteriology and Avian
Diseases, Salisburylaan 133, 9820 Merelbeke, Belgium.

Few bacterial species are capable of infecting the oviduct of laying hens. Recently,
Campylobacter was recovered from the reproductive tract of broiler breeder hens; Escherichia
coli can also infect the oviduct of layers and cause acute or chronic salpingitis; but S.
Enteritidis has specialized in colonizing the oviduct without causing disease, potentially
leading to egg contamination. This was shown in countless experimental infections as well as
in some natural infections. Still, little is known about the colonization mechanism of
Salmonella in the oviduct of the laying hen and how this colonization can take place without
causing severe inflammation and disease. Most likely, S. Enteritidis possesses a unique set of
virulence factors in relation to egg contamination or has a unique regulation of known
virulence mechanisms. We suggest in this respect that the expression of type 1 fimbriae might
be involved, while others believe diverse phenotypic properties of S. Enteritidis isolates,
including growth to high cell densities (10) and the composition of LPS (10), play a crucial
role in egg contamination. The presence of high molecular chain LPS (HMM LPS) on S.
Enteritidis was correlated with egg contamination (9). Although it is not known whether this
HMM LPS interacts directly with the reproductive tissue or forming eggs, the presence of
HMM LPS correlates with an unusual pathology of the reproductive tract, regression, possibly
related to egg contamination (9). This effect was seen only with a wild-type strain, but not
with its LPS O-chain regulator of length mutant (19). Recently, a gene (YafD) of S. Enteritidis
was proposed to provide a survival advantage to S. Enteritidis in eggs by repairing DNA
damage caused by nuclease activity of egg albumen (18). Previously, albumen was shown to
have pore-forming activity mediated by the albumen proteins: ovotransferrin and lysozyme.
The authors suggested that it may be one of the biological determinants that contribute to the
epidemiological association of S. Enteritidis with egg products. Most likely, a combination of
multiple microbial attributes may be important in influencing the likelihood of egg
contamination.
Association of serovar Enteritidis with tubular gland cells of the oviduct has been
observed after natural (11) and after experimental infection (12). We demonstrated that
Salmonella bacteria in infected oviducts resided inside the tubular gland cells which produce
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the secretions from which eggs are constituted. It is not yet known how long Salmonella
bacteria can persist inside these cells. Laying hens can produce contaminated eggs during a
long time, suggesting a persistent carrier state of the bacteria inside the reproductive tissue. It
has been proven that Salmonella can reside in a state of low metabolism in chicken tissues,
from which it may be possible to reactivate by stress, hormonal variations, fluctuations in the
immunological protection or other unknown factors. This might explain the reactivation of
Salmonella infections in laying hens at the beginning of lay and during moulting.
Serial in vivo passages and subsequent isolation of the bacteria from the ovaries and
oviducts, resulted in a strain that caused significantly higher incidence of egg contamination
than the parent strain (8). This suggests that the interaction of S. Enteritidis with reproductive
tissues of chickens may either induce or select for the expression of microbial properties
responsible for egg contamination. Environmental conditions such as pH and temperature
have been shown previously to influence the expression of potential virulence factors such as
flagella, fimbriae, and outer membrane proteins in S. Enteritidis. Recently, we have
discovered that the expression of type 1 fimbriae is dramatically increased in iron limiting
conditions using a lux-reporter construct expression system.
Type 1 fimbriae and their possible role in egg transmission
We have shown that type 1 fimbriae bind to the secretions of the isthmus glands,
which constitute the egg shell membranes. From these results, it was hypothesized that the
binding of S. Enteritidis to isthmal secretions could play a role in the contamination of eggs
through incorporation of the bacteria in the shell membranes. Simultaneously to our report,
another independent study has investigated the role of type 1 fimbriae in the interaction of
Salmonella Enteritidis with the hen’s oviduct. Salmonella Enteritidis adheres to the epithelial
surface of the chicken oviduct by type 1 fimbriae (17). Type 1 fimbriae seem to play a role in
both early colonization of the oviduct by binding to the glycosphingolipids (GSLs) on the
surface epithelium of the oviduct and in the contamination of forming eggs by binding to the
secretions of the isthmus. Interestingly, S. Entertidis binds to the surface GSLs of all the
oviductal segments except of the isthmus (16). This probably allows S. Enteritidis to bind to
the secretions of the isthmus instead of to the epithelium, enabling the contamination of the
egg shell membranes.
Furthermore, we demonstrated that intravenous infection of laying hens with a type 1
fimbriae knock-out mutant resulted in prolonged bacteraemia, a higher frequency of
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reproductive tract infection but reduction of egg contamination as compared to the parent
Salmonella Enteritidis strain.
The differences in pathogenicity that have been observed between fimbriated and nonfimbriated bacteria in some animal infections are difficult to attribute to the expression of type
1 fimbriae, given the variable nature of the phenotype of genotypically fim+ cells and the lack
of knowledge of the factors that affect phase variation in vivo. That is why we are currently
investigating the expression of type 1 fimbriae of S. Enteritidis under a wide range of
environmental conditions. Previously, only the influence of pH, temperature and surface
contact was reported (21). No information is available about the expression of type 1 fimbriae
on Salmonella bacteria in chickens.
The percentage of contaminated eggs laid after experimental infection of laying hens
can vary significantly between S. Enteritidis strains. This implies that the virulence factor that
plays a role in egg contamination will vary between S. Enteritidis isolates as well. Previously
we observed considerable variation in expression of type 1 fimbriae between more than 50
tested S. Enteritidis isolates both in logarithmic and in stationary growth phase. This was in
contradiction with the general belief that all S. Enteritidis isolates have a uniform expression
of type 1 fimbriae in vitro. Reporter constructs of type 1 fimbriae will be used in the near
future to investigate the expression of type 1 fimbriae in different isolates of S. Enteritidis and
different serovars under different environmental conditions, e.g. by mimicking in vivo-like
conditions. Regulation of type 1 fimbriae in the different stages of infection of laying hens
might give S. Enteritidis the possibility to infect eggs more efficiently than other serovars.
Although not associated with any known pathogenicity islands, the fim cluster maps closely to
a tRNA gene. Since most pathogenicity islands are located next to tRNA genes, the fim locus
of Salmonella may be part of an as yet unrecognized pathogenicity island.
Vaccine producers only claim a reduction in shedding of the bacteria in the faeces, not
a protection against challenge infection or prevention of egg contamination. More research
should be done regarding the protection by vaccination against egg contamination by S.
Enteritidis. The present thesis is meant to make a contribution in this domain, based on a
better understanding of the interaction of S. Enteritidis with the chicken reproductive tract.
Field experience suggests a beneficial effect of vaccination on egg contamination but to date
the low contamination rates of eggs have hampered experimental studies proving the effect of
vaccination on egg contamination. We have experience with an intravenous infection model
in laying hens that offers a possibility to investigate effects on egg contamination by
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generating egg contamination rates around 15%. This model should allow further studies on
the efficacy of currently available vaccines.
Consequences of the recent studies for protection of laying hens by vaccination
The protective effect of immunization with type 1 fimbriae was previously shown at
the level of the intestinal tract by the suppression of intestinal colonization and excretion of S.
Enteritidis in the faeces following intraocular immunization with liposome-associated type 1
fimbriae (15). We have shown that immunization of laying hens with purified type 1 fimbriae
reduced the percentage of contaminated eggs in an intravenous infection model. Type 1
fimbriae are one of the first immunogens recognized by the immune system of Salmonella
infected chickens (3). However, immunization with type 1 fimbriae does not eliminate
intestinal colonization completely in an oral challenge model (15) nor does it protect against
infection of the internal organs in an intravenous challenge model. Purified type 1 fimbriae
could therefore be supplemented to existing vaccines or they could constitute a component of
a subunit vaccine. Some commercial vaccines currently on the market indeed completely lack
type 1 fimbriae in their formulation. In contrast, other S. Enteritidis vaccines confer anti-type
1 fimbriae antibodies (2). It is not known whether the immunization with type 1 fimbriae
specifically counteracts the egg contamination processes in the oviduct, e.g. by inhibition of
the interaction between Salmonella and the oviduct secretions, or at a different stage of the
infection. The antibodies to type 1 fimbriae can indeed have an effect in different stages of the
infection. It is well known that type 1 fimbriae mediate the adhesion of Salmonella to
mammalian erythrocytes. Recently type 1 fimbriae of Salmonella Typhimurium have been
identified as a plasminogen receptor (14). Binding of plasminogen on the bacterial surface
enhances their activation by plasminogen activators present in the tissue (20). It has been
proposed that one function of bacterial plasminogen receptor is to potentiate bacterial damage
to and bacterial spread through tissue barriers, such as the basement membrane (13).
Virulence of Salmonella Enteritidis for laying hens
Salmonella Enteritidis infections in principle do not cause clinical disease in laying
hens. One of the problems in the detection of Salmonella infected laying hens is indeed the
lack of symptoms during an infection. However, some recent S. Enteritidis isolates caused
high mortality rates in mature laying hens (personal communication of Provenciaal
laboratorium voor dierenziektenbestrijding, Drongen). This was to our knowledge never
before observed with this serotype of Salmonella. It is not yet known whether these seemingly
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hypervirulent strains have an altered capacity to infect eggs. The properties of such S.
Enteritidis strains correspond to a great extent to those of the virtually extinct poultry adapted
S. Gallinarum/Pullorum. Next to this possible newly acquired characteristic of causing
mortality, S. Enteritidis was already able to transmit vertically and the observed gross
pathological changes after infection of day-old chicks with S. Enteritidis already were similar
to the lesions caused by S. Pullorum but are less extensive and frequent. It would be
interesting to compare earlier S. Enteritidis isolates with the so-called hypervirulent ones and
with S. Gallinarum on a genetic basis in order to identify the virulence factors that cause host
adaptation and mortality in laying hens.
One could argue that research on S. Enteritidis is less urgent since we are experiencing
a decline in the number of S. Enteritidis isolates from different sources in several countries (1;
4). We should however be on our guard during this temporary calm as a result of the control
of Enteritidis in poultry. This was demonstrated in the recent Salmonella report of the Belgian
Scientific Institute of Public Health, in which the numbers of human cases of salmonellosis in
Belgium were strongly increased in 2003, entirely caused by the increase of the incidence of
the Serovar Enteritidis (± 70%). It would be interesting to investigate whether the increase in
human cases of salmonellosis is associated with the appearance of hypervirulent S. Enteritidis
isolates. Until the reasons that make Enteritidis so successful in contaminating eggs and more
generally in infecting layers are fully understood, and other serovars are assessed using this
information, it is important to remember that around 2500 other serovars are still out there,
and the pattern of Salmonella infections never remains stable for long.
Conclusion
S. Enteritidis apparently possesses particular characteristics that increase its chance to
contaminate eggs. Indeed, S. Enteritidis most likely has an extensive arsenal of virulence
factors which can be employed to contaminate eggs. It is clear that this remarkable human
pathogen has adapted to a wide diversity of environments, the hen house, the chicken, the egg
and the human, and that this adaptability made the pandemic of human food-borne illness
possible. Possibly a specific regulation of the expression of common Salmonella virulence
factors directs S. Enteritidis to the reproductive organs. We suggest that the regulation of the
expression of type 1 fimbriae plays an important role in the tropism for the reproductive
organs a.o. by influencing the duration of septicaemia. During egg formation type 1 fimbriae
might also be involved in the encapsulation of Salmonella bacteria inside the egg, more
specifically in the egg shell membranes by their affinity for the secretions of the isthmus. An
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important part of the egg pathogenesis lies in the behaviour of S. Enteritidis in the oviduct
tissue. Colonization of these organs leads to a yet incompletely unravelled egg contamination
process. We showed that S. Enteritidis bacteria can invade the oviduct tissue. Further research
is necessary to fully comprehend the ways in which S. Enteritidis can persistently colonize the
oviduct in low numbers and can intermittently cause egg infection.
Acknowledgements
This work was funded by the Federal Public Service Health, Food Chain Safety and
Environment, Belgium, under contract 6035/3 (Federale Overheidsdienst Volksgezondheid,
FOD).

Selection of publications
1. Anon. 2003. Salmonella serotypes analysed at the VAR in 2002. Evolution among poultry,
cattle and pig isolates form 1992 to 2002. Report of the Veterinary and agrochemical research
centre (VAR). Brussels, Belgium , p. 9.
2. Barbour, E. K., Bejjani, N. E., Daghir, N. J., Faroon, O. M., Bouljihad, M., and Spasojevic,
R. 2000. Induction of early immunopotentiation to fimbriae of Salmonella Enteritidis (SE) by
administering thymulin and zinc to SE-vaccinated chicken breeders: relationship to
protection. J.Vet.Med.Sci. 62, 1139-1143.
3. Barbour, E. K., El Jurdi, L. H., Faroon, O. M., Daghir, N. J., and Bouljihad, M. 2000.
Chronological recognition by chicken of antigenic polypeptides in Salmonella Enteritidis with
different plasmid profiles: relationship to infection rate. J.Vet.Med.Sci 62, 565-570.
4. Cogan, T. A. and Humphrey, T. J. 2003. The rise and fall of Salmonella Enteritidis in the
UK. J.Appl.Bacteriol. 94, 114S-119S.
5. De Buck, J., Pasmans, F., Van Immerseel, F., Haesebrouck, F., and Ducatelle, R. 2004.
Tubular glands of the isthmus are the predominant colonization site of Salmonella Enteritidis
in the upper oviduct of laying hens. Poultry Sci, 83, 352-358.
6. De Buck, J., Van Immerseel, F., Haesebrouck, F., and Ducatelle, R. 2004. Effect of type 1
fimbriae of Salmonella enterica serotype Enteritidis on bacteremia and reproductive tract
infection in laying hens. Avian Pathol 33, 314-320.
7. De Buck, J., Van Immerseel, F., Meulemans, G., Haesebrouck, F., and Ducatelle, R. 2003.
Adhesion of Salmonella enterica serovar Enteritidis isolates to chicken isthmal glandular
secretions. Vet.Microbiol. 93, 223-233.
8. Gast, R. K., Guard-Petter, J., and Holt, P. S. 2003. Effect of prior serial in vivo pasage on
the frequency of Salmonella Enteritidis contamination in eggs from experimentally infected
laying hens. Avian Dis. 47, 633-639.
9. Guard-Petter, J. 2001. The chicken, the egg and Salmonella Enteritidis. Environ.Microbiol.
3, 421-430.
10. Guard-Petter, J., Henzler, D. J., Rahman, M. M., and Carlson, R. W. 1997. On-farm
monitoring of mouse-invasive Salmonella enterica serovar Enteritidis and a model for its
association with the production of contaminated eggs. Appl.Environ.Microbiol. 63, 15881593.

32

11. Hoop, R. K. and Pospischil, A. 1993. Bacteriological, serological, histological and
immunohistochemical findings in laying hens with naturally acquired Salmonella Enteritidis
phage type 4 infection. Vet.Rec. 133, 391-393.
12. Keller, L. H., Benson, C. E., Krotec, K., and Eckroade, R. J. 1995. Salmonella Enteritidis
colonization of the reproductive tract and forming and freshly laid eggs. Infect.Immun. 63,
2443-2449.
13. Korhonen, T. K., Virkola, R., Lahteenmaki, K., Björkman, Y., Kukkonen, M., Raunio, T.,
Tarkkanen, A.-M., and Westerlund, B. 1992. Penetration of fimbriate enteric bactria through
basement membranes: a hypothesis. FEMS Microbiol.Lett. 100, 307-312.
14. Kukkonen, M., Saarela, S., Lähteenmäki, K., Hynönen, U., Westerlund-Wikström, B.,
Rhen, M., and Korhonen, T. K. 1998. Identification of two laminin-binding fimbriae, the
type 1 fimbria of Salmonella entericia serovar Typhimurium and the G Fimbria of Escherichia
coli, as plasminogen receptor. Infect.Immun. 66, 4965-4670.
15. Li, W., Watarai, S., Iwasaki, T., and Kodama, H. 2004. Suppression of Salmonella
enterica serovar Enteritidis excretion by intraocular vaccination with fimbriae proteins
incorporated in liposomes. Dev.Comp.Immunol. 28, 29-38.
16. Li, W., Watarai, S., and Kodama, H. 2003. Identification of glycosphingolipid binding
sites for SEF21-fimbriated Salmonella enterica serovar Enteritidis in chicken oviductal
mucosa. Vet.Microbiol. 93, 73-78.
17. Li, W., Watarai, S., and Kodama, H. 2003. Identification of glycospingolipid binding
sites for SEF21-fimbriated Salmonella enterica serovar Enteritidis in chicken oviductal
mucosa. Veterinary Microbiology 93, 73-78.
18. Lu, S., Killoran, P. B., and Riley, L. W. 2003. Association of Salmonella enterica serovar
Enteritidis yafD with resistance to chicken egg albumen. Infect.Immun. 71, 6734-6741.
19. Parker, C. T., Liebana, E., Henzler, D. J., and Guard-Petter, J. 2001. Lipopolysaccharide
O-chain microheterogeneity of Salmonella serotypes Enteritidis and Typhimurium.
Environ.Microbiol. 3, 332-342.
20. Saksela, O. and Rifkin, D. B. 1988. Cell-associated plasminogen activation: regulation
and physiological functions. Annu.Rev.Cell Biol. 4, 93-126.
21. Walker, S. L., Sojka, M., Dibb-Fuller, M., and Woodward, M. J. 1999. Effect of pH,
temperature and surfacer contact on the elaboration of fimbriae and flagella by Salmonella
serotype Enteritidis. J.Med.Microbiol. 48, 253-261.

33

ON FARM SALMONELLA CONTROL FOR THE BROILER INDUSTRY - A U.S.
PERSPECTIVE
J. STAN BAILEY
USDA, Agricultural Research Service, P.O. Box 5677, Athens, Georgia 30607 USA
phone: (706)546-3356 email: jsbailey@saa.ars.usda.gov

Currently, the United States is growing about 8.5 billion chickens a year. The U.S.
Department of Agriculture, Food Safety and Inspection Service (FSIS) found about a 20%
Salmonella positive prevalence rate in broiler chickens in a national baseline study conducted
in the late 1990's. Since that initial baseline study, FSIS HACCP samples have shown
Salmonella positive rates of between 11 and 13%. Much of the credit for these reductions are
attributable to the use of up to 40 ppm chlorine in the immersion chillers and implementation
of a second antimicrobial treatment in the inside outside bird washer before the chill tanks.
Additionally, much of the industry has done a much better job of reducing the number of
Salmonella positive chicks leaving the hatchery. For additional significant reductions in
Salmonella positive chickens to take place, additional interventions at the farm level will
likely need to be implemented.
Evidence of the role that on-farm interventions can play in effectively helping to
control Salmonella can be seen in Sweden and where on-farm control programs have
significantly controlled Salmonella in broiler chicken production. Sweden’s program was
initiated about 15 years ago and Denmark’ s program was started about 10 years ago. In both
programs, extensive testing programs are in place, no Salmonella positive feed is allowed, and
all breeder birds that test positive for Salmonella are eradicated. In Sweden the program is
continued for final grow-out and no Salmonella positive birds are allowed to be sold to the
consumer and any Salmonella positive flocks are killed and disposed of.

In Denmark,

Salmonella positive grow-out broilers are processed separately, but can be sold to the
consumer. Initially the costs of implementing the programs in both Sweden and Denmark
were paid for by the government. Sweden has moved to a program that is self insured
through industry check-offs. Denmark is implementing a similar insurance program. Final
economic analysis for a similar program in the U.S. is ongoing, but it will likely not be
economically feasible to implement this same program in the U.S. However, alternative
methods of achieving similar results may be possible.
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The size and competitive nature of the industry make implementation of new pathogen
intervention technologies that would significantly increase costs of production a challenge
unless there is a concomitant decision by the entire industry to implement the technology.
There are several technologies that are currently being researched and in some cases used by
the U.S. poultry industry. Research and anecdotal evidence suggests that the use of live and
killed cell vaccines in breeders, competitive exclusion treatments in breeders and broilers, and
extensive biosecurity in breeder and broiler operations should yield similar results without the
extensive costs of eradication programs. Experience has shown and the European experience
has confirmed that the best way to control pathogens in food systems is to control the
pathogens on the farm
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EARLY PROTECTION AGAINST SALMONELLA

INFECTION BY LIVE VACCINATION
AND THE USE OF ORGANIC ACIDS

VAN IMMERSEEL, F., DE BUCK, J., PASMANS, F., HAESEBROUCK, F., DUCATELLE, R.
Ghent University, Faculty of Veterinary Medicine, Department of Pathology, Bacteriology and Avian
Diseases, Salisburylaan 133, 9820 Merelbeke, Belgium.

Early infection and persistent colonisation of chickens by Salmonella
New legislations on both national and international level will lead to obligations concerning
the introduction of monitoring and control schemes for Salmonella in poultry. Although in all
types of poultry production infection by Salmonella can occur during any part of the
production cycle, it is likely that in both broilers and layers at least some of the initial
infection takes place early post-hatch, as a result of hatchery contamination or persistent farm
contamination. Infection of very young chicks results in high levels of environmental
contamination and transmission of pathogens may be rapid as a result of litter contamination.
It is known that infection early post-hatch leads to more persisting colonisation of the
intestinal tract of chickens than infection at older age. It is already shown that infection of
laying hens at one day post-hatch with Salmonella can result in a rather high percentage of
animals excreting Salmonella at the onset of lay. It is clear that broiler chickens can carry the
infection until slaughter age. This clearly illustrates the need for tools that are able to induce
resistance in the immediate post-hatch period followed by long term protection in older and
adult birds. New developments indicate that protective effects starting early post-hatch may
be induced as a result of vaccination with live Salmonella strains. Also the use of butyric acid
can aid in early protection against Salmonella infection due to its antibacterial and virulencedecreasing effects.
Protective effects of vaccination early post-hatch
Vaccination is likely to take an increasingly central position as a component of control
programs against Salmonella in poultry, particularly against Salmonella (S.) enterica serovar
Typhimurium (S. Typhimurium) and S. Enteritidis. Vaccination of breeder and layer flocks
has been shown to generate protection against Salmonella infection and to decrease the level
of on-farm contamination. The ideal vaccine should clearly be able to induce resistance in the
immediate post-hatch period followed by long term immunity in older and adult birds. The
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protective effect of high titre specific maternal antibodies lasts no more than a few weeks and,
although there seems to be some protective effect against clinical disease in the early posthatch period, there is little effect on intestinal colonization by challenge strains. Recently
scientific groups have reported a phenomenon in which oral administration of Salmonella
wild-type strains can confer resistance to infection by a virulent Salmonella challenge strain
within 24 hours of administration. This process is sometimes referred to as colonizationinhibition, and can also be induced by the administration of competitive exclusion flora,
although the mechanism of protection may be different in both cases. Because of concerns
related to the use of undefined competitive exclusion products, studies were initiated in the
1980s to search for bacterial strains which possessed the colonization characteristics of
Salmonella but not their virulence attributes. Strains were sought in 109 environmental
samples and amongst more than 600 individual strains of Enterobacteriaceae. Coincidentally,
during this study one group of one-day-old chicks was found to be completely refractory to
infection with the S. Typhimurium challenge strain. This was due to the fact that the birds had
become infected with a strain of S. Montevideo from the feed soon after hatching. This strain,
isolated from the birds and administered to a new batch of newly-hatched chicks completely
protected them against challenge 24 hours later with S. Typhimurium. Recent studies of
multiple research groups showed that different wild-type and some attenuated strains also
possess the colonization-inhibition phenotype. These data suggest that it might be possible to
administer to newly-hatched chicks live Salmonella vaccine strains such that they would
colonize the gut extensively very rapidly, and that this should induce a profound resistance to
colonization by some Salmonella strains of epidemiological significance, which may be
present in the poultry house or may also have arisen from the hatchery.
The mechanism of this inhibition is poorly understood. An early hypothesis arose from the
observation that a similar inhibition was demonstrable in stationary-phase nutrient broth
cultures. Studies conducted to elucidate the mechanism of bacteriological competition
between Salmonella strains have been inconclusive, but it is clear that intestinal colonization
by a challenge strain could be decreased or prevented by oral administration of live
Salmonella organisms and that bacteriological inhibition between these two strains is the key
of this phenomenon. These interactions most likely take the form of starvation induced by the
extensive colonization of the first strain, which depletes the gut for nutrients which can be
used by related bacteria. Challenge strains are thus unable to utilise the nutrients they required
for establishments and are eliminated. The phenomenon has wider applications, since similar
colonization-inhibition occurs between strains of Campylobacter jejuni and can also be
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demonstrated to occur in pigs, calves and human infants. The degree of relatedness between
Salmonella strains is the key to the degree of inhibition induced and research groups are
currently seeking Salmonella strains with a wide range of inhibitory activities against
different serotypes. As the most profound level of colonization inhibition occurs between
closely related organisms, strains of S. Enteritidis e.g. have the greatest inhibitory effect
against other strains of this serovar. One additional benefit is that colonization-inhibition can
prevent mortality associated with infection by virulent organisms. Thus, pre-colonization of
newly-hatched chicks by an avirulent S. Infantis strain totally prevented mortality which
normally follows inoculation with virulent strains of S. Typhimurium and S. Gallinarum,
respectively.
Interaction between Salmonella strains and the host, however, can also play a role in
protection, in this case by stimulating components of the innate immune system. It has been
shown that oral administration of live attenuated Salmonella strains induces accumulation of
immune cells, particularly heterophilic granulocytes, in the intestinal wall, thereby reducing
invasion of virulent Salmonella bacteria and spread to internal organs. A similar phenomenon
can be shown to occur in young pigs following oral inoculation with live vaccines and a
similar approach was used several years ago to reduce coliform mastitis in cattle by inducing
a mild inflammatory response at the site of expected infection.
Both microbiological and host-related phenomena rely on the extensive colonization that can
occur in the gut of very young animals or in animals where the inhibitory gut flora has been
removed, for example by antibiotics. Thus oral administration of live vaccines to susceptible
poultry will in all probability induce both microbiological exclusion and non-specific
immunity of the host, having synergistic effects.

Protective effects of short-chain fatty acids early post-hatch
Early protection against Salmonella infection can also be achieved by directly reducing the
number or the virulence of the bacteria, next to increasing the (immunological) resistance of
the chicken, the latter being described above. It is again important that anti-Salmonella
products that reduce the number or decrease viurlence should exert their effect immediately
after hatching of the chicken, due to the ability of Salmonella to induce long lasting carriage
after infection at early age and due to the high chance of early infection in poultry houses. As
an example of non-rapid acting anti-Salmonella products, most prebiotic products have to be
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fermented before they are active and therefore these products will only be active after a stable
gut flora has formed.
Inclusion in the feed or drinking water of products with a direct effect on Salmonella could
possibly aid in early protection. Currently, SCFA are commonly used to supplement poultry
feed. The basis of their use is the fact that these acids have an anti-Salmonella activity. Shortchain fatty acids (SCFA) are bactericidal against Salmonella, depending on the concentration
and the pH. All SCFA have more or less the same antibacterial effects on Salmonella in vitro,
with propionic acid being slightly more potent in inhibiting the bacterial growth. Therefore
formic, as well as acetic and propionic acid are all used to supplement poultry feed. Recently,
also butyric acid has been introduced as poultry feed supplement. Various combinations of the
different SCFA in different concentrations are currently used. Also the formulation of SCFA
products can differ considerably. SCFA can be used in liquid form to supplement drinking
water or in powder form to supplement poultry feed. In these forms, the acids will have their
effects limited to the crop and the proximal part of the intestine, due to resorption.
Preparations in which the acids are coated also are on the market. The purpose of coating is to
ensure that the acids will be released further down the intestinal tract. There are coated SCFA
products, for which is claimed that the acids are slowly released, ensuring that the acids would
have their effects throughout the full length of the gastro-intestinal tract. The formulation will
affect the activity of the SCFA feed additive. Uncoated powder or liquid products will
increase the threshold for infection due to killing of the bacteria in the first part of the gastrointestinal tract. However, when the Salmonella bacteria pass the stomach, they will no longer
be influenced by the acids further down the gastro-intestinal tract. In numerous publications,
powder or liquid preparations were tested as feed additives to control Salmonella shedding
with variable results. When coated or micro-encapsulated SCFA are used, then the bacteria
that reside in the lumen of the lower intestinal tract are also in contact with these acidic
compounds. It is even possible that the acids only exert their action in the neighbourhood of
the coated pearls, due to local acidification.
Major new developments in research concerning short chain fatty acids and Salmonella, with
high practical value, deal with the effects of the different acids on virulence of Salmonella,
and more specific on the capacity to invade intestinal epithelial cells. It has been shown that
acetic acid, and to a lesser extent formic acid, increase invasion in intestinal epithelial cells
when the Salmonella bacteria are incubated in growth media supplemented with these acidic
compounds. In contrast, incubation of Salmonella with butyric and propionic acid decreases
invasion to a high level. Since it is believed that invasion into intestinal epithelial cells is
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necessary for colonization of the animals, it was thought that decreasing the invasion would
help in controlling colonization. Therefore in vivo trials were set up to investigate the effect
of the different short chain fatty acids on Salmonella colonization. In these trials the single
acids were coated and given to young chickens that were infected at day 5 post-hatch. At three
days post-infection, the group of animals receiving butyric acid had a low number of
Salmonella bacteria in the caeca (103 cfu/g), while the group receiving acetic had very high
levels of salmonella in both the caeca (107 cfu/g) and the internal organs. Thus the in vitro
data concerning invasion seem to correlate well with in vivo colonization and butyric acid
seems to be a very good candidate to decrease colonization of Salmonella from early postinfection. Attempts should be made to obtain release of the acids in the caeca, since this is the
predominant site of colonization for Salmonella, but this is a challenge for the industry.
Elevated butyric acid concentrations in the caeca of animals have been associated with
decreased Salmonella colonization indeed in earlier reports.
Virulence gene expression of Salmonella is regulated by osmolarity, pH and oxygen tension.
It is interesting to speculate how the different SCFA change the invasion pattern. Recently,
the mechanism of acetic acid induced increase in invasion was explained by the actions of
acetyl-phosphate. Acetic acid, once in the bacterial cell, can be converted to acetylCoA and
acetyl-phosphate. Acetyl-phosphate was proven to activate the Salmonella sensor/kinase
system BarA/SirA by transphosphorylation. This sensor kinase system then activates HilA
and InvF, which are the key regulators of Salmonella pathogenicity island I, which contains
all the genes necessary for invasion. Further in the cascade, expression of effector proteins of
the Salmonella Pathogenicity Island I, such as SipA and SipC, will increase, directly resulting
in increases in invasion. It is not known how propionic acid and butyric acid exert their
invasion reducing activity. By the use of transcriptional fusions of the promoters of
Salmonella virulence genes with lacZ or luxCDABE genes and the measurement of virulence
gene expression by measuring beta-galactosidase activity or light production, respectively, it
was shown that propionic acid and butyric acid decreased expression of BarA, SirA, HilA,
InvF, SipA and SipC. Currently research groups are trying to elucidate how the Salmonella
bacteria sense the acids and influence invasion at the molecular level. It is a scientifically very
interesting thought that Salmonella can sense these small molecules in the environment and
balance its virulence. Practically this is even more interesting since these environmental
triggers can be influenced.
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Final thoughts
In a Salmonella control program, both vertical and horizontal transmission of Salmonella
should be blocked to control Salmonella in chickens. Vaccination of laying hens and parent
flocks is an important tool to control vertical transmission. Controlling horizontal spread of
Salmonella is probably more difficult, since environmental contamination with Salmonella is
high. Once animals are infected with Salmonella, the bacteria can persist in the animal for
many weeks, even when the animals are infected at their first day of life. It is moreover likely
that horizontal transmission occurs at young age when the environmental pressure is high. It is
therefore of utmost importance that, especially for broiler chickens, that are slaughtered
already at 6 weeks of age, protection measures start their action immediately post-hatch and
preferably continue their action throughout the rearing period. This will require a combination
of different measures. Reduction of the infection pressure to prevent Salmonella from
infecting the animals is the first barrier that should be maintained. Hygienic measures and
decontamination of broiler houses are important in this regard. Secondly, the susceptibility of
the animals should be decreased by stimulating immune responses. Vaccination of parent
flocks should be performed, since maternal antibodies are known to confer protection.
Secondly, oral vaccination of broiler chickens with attenuated Salmonella strains immediately
post-hatch can stimulate aspecific immune responses that combat early Salmonella
challenges. Thirdly, next to the use of hygienic measures and the stimulation of the host
response, it should be tried to maintain a high antibacterial pressure inside the animals by
direct action of antimicrobials. This is of extreme importance in case Salmonella infects the
animals, despite of the hygienic measures and the host immunity. The use of competitive
exclusion products could be considered to be used immediately post-hatch to create a
protective gut flora for preventing Salmonella to establish an infection. Also short-chain fatty
acids can be used for this purpose. Butyric acid seems to be the candidate for this purpose due
to the antibacterial and virulence-decreasing effects. These measures can also be useful in
laying hens, especially during episode of high susceptibility, i.e. at young age or at the onset
of lay.
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Introduction
One of the probable routes of contamination of eggs by Salmonella Enteritidis is an ascending
infection from the cloaca to the vagina and lower regions of the oviduct. The presence of
lactobacilli in the vagina and cloaca is important to maintain a healthy microbial ecosystem
and may prevent the growth and invasion of pathogens such as Salmonella in layers. Broilers
contribute also substantially to the transmission of Salmonella to humans. The horizontal
transmission route has been shown to be the main determinative factor for Belgian broiler
flocks (Heyndrickx et al., 2002). The efficiency of organic acids to eliminate Salmonella in
primary broiler production was evaluated on a long-term scale.

Materials and methods
About 200 lactobacilli were isolated from the cloaca and vagina of 35 laying hens and
identified using a polyphasic approach. The inhibitory activity of the lactobacilli towards the
growth of 20 different Salmonella strains was evaluated using the spot-the-lawn technique.
Furthermore, susceptibility of the Lactobacillus strains to enrofloxacin and oxytetracyclin and
tolerance to low pH and bile salts were tested. On a commercial broiler farm (3 poultry
houses) with a persistent Salmonella Java infection, a commercial preparation of organic acids
(Selko pH, the Netherlands) was administered to the drinking water. The Salmonella
contamination in the broilers and the environment was monitored during each flock from
2002 until now.

Results and Discussion
More than 95% of the Lactobacillus isolates from the cloaca and vagina of laying hens
belonged to the L. reuteri, L. acidophilus, and L. salivarius phylogenetic groups. For their in
vitro probiotic properties, a high heterogeneity between the different strains was found.
However, a clear correlation was found between the size of inhibition zone and phylogenetic
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group with the L. salivarius group and the L. reuteri group showing the largest and the
smallest inhibition zones, respectively. Most strains produced H2O2 but the effect on S.
Enteritidis was rather small. A large variation was found in tolerance to low pH or high bile
salts, properties which are important for survival and colonization in the gastro-intestinal
tract. From these results, a selection of strains was made that will be tested in vivo for their
effect on S. Enteritidis invasion in organs and shedding.
The use of the commercial organic acids preparation in the drinking water had a dramatic
reducing effect on the presence of S. Java in the commercial broiler farm. Several consecutive
flocks could be kept free from S. Java and also the contamination in the environment dropped
considerably. However, an attempt to stop the administration of the organic acids was
unsuccessful: soon afterwards, the same S. Java clone reappeared in the broilers. Broiler
house specific factors (contamination of beetles and feeding line), practical imperfections
(e.g. pH just above 4.0 in the drinking water) as well as management factors (e.g.
incompatibility between use of curative medicines and organic acids in the drinking water)
seemed to have a profound influence on Salmonella infection.
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SOURCES FOR THE SALMONELLA CONTAMINATION OF POULTRY CARCASSES AT
THE SLAUGHTERHOUSE LEVEL

L. DE ZUTTER
Department for Veterinary Public Health and Food Safety
Faculty of Veterinary Medicine, Ghent University
Poultry meat is frequently contaminated with Salmonella. Infected flocks are assumed as the
origin of this contamination. Indeed, during the slaughter process and especially in the
evisceration process, carcasses are contaminated by fecal material, including Salmonella in
the cases of Salmonella positive flocks. Through cross contamination the following
slaughtered flocks can also become contaminated with this pathogen. In order to avoid cross
contamination, logistic slaughtering is applied since a few year. Research on the
epidemiology of Salmonella during the production of poultry has showed that the latter
hypothesis is to simple.
In a first research project 18 broiler flocks were examined for the presence of Salmonella
from the hatchery up to the chilled carcasses in the slaughterhouse. The results showed that no
correlation existed between the Salmonella status of the slaughtered flocks and the percentage
of positive carcasses after cooling. However the contamination rate of the carcasses was
clearly influenced by the slaughterhouse where the flocks were slaughtered. Serotyping of
isolated Salmonella strains showed that a large number of different serotypes were presented
on the carcasses that in the live birds. Moreover only a limited number of serotypes found at
the farm were presented on the carcasses. Also in the fecal material from the transport
containers Salmonella serotypes were found which were not presented at the farm level.
In a second research project the Salmonella contamination of the fecal material in transport
containers and the surface of the same containers after cleaning and disinfection was
examined. The percentage of positive samples was considerably higher for the transport
containers than for the fecal material. These results indicated that the applied cleaning and
disinfection process is not always efficient to eliminate Salmonella from contaminated
containers and even contaminated the containers.
In a following project the effect of contaminated transport containers was studied. Three
Salmonella-free broiler flocks were transported in routinely and extra cleaned and disinfected
transport containers. Fecal material collected from some routinely cleaned and disinfected
transport containers, which were showed to be Salmonella positive before loading, was found
Salmonella positive. From these results it can be concluded that fecal material from the
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transport containers can not be used for the examination on the presence of Salmonella in the
transported birds, since this material can be contaminated by the contaminted transport
containers themselves. The results could also explain the presence of other Salmonella
serotypes in the fecal material from the transport containers than those found at the farm level
in the first study.
The 3 examined flocks and one extra flock were slaughtered as the first flocks of the day.
Before starting the slaughtering the plucking line was sampled for the presence of Salmonella.
Also during the slaughter of the flocks samples from the scalding water, feathers and neck
skins were collected. The results indicated that Salmonella was presented on this line before
slaughter. During slaughter the scalding water was positive in one slaughterhouse. In all
slaughterhouses except one, feather samples were found Salmonella positive. The number of
positive carcasses immediately after plucking varied considerably: from only one to all
carcasses positive. In the cases that also chilled carcasses were sampled, results showed that
evisceration and chilling reduced the Salmonella contamination rate. Serotyping of isolated
Salmonella strains indicated that the slaughter environment was the origin of the carcass
contamination since different serotypes presented on the carcasses could also be isolated from
the environment before slaughter.
In an ongoing research project in different (4 broiler and 3 laying hen) slaughterhouses
following samples are collected for all slaughtered flocks during the morning during 3
different days: small intestines, ceca and neck skin just before chilling. In total 56 broiler
flocks and 21 laying hen flocks were sampled. When available, the Salmonella status of each
examined flock was recorded. Results showed that for broiler flocks in 3 cases Salmonella
could be isolated for the intestines of flocks with a Salmonella negative status. On the other
hand from 2 positive flocks no Salmonella could be detected from the intestines. In contrast to
the broiler flocks 4 of the 14 known Salmonella free flocks the pathogen could be isolated
from the intestines. In one broiler slaughterhouse carcasses of all slaughtered flocks were
contaminated with Salmonella despite the fact that only Salmonella negative flocks were
slaughtered. Carcasses from Salmonella negative flocks in other broiler slaughterhouses were
mostly negative or contaminated at a low level. However, in two of these slaughterhouses,
carcasses of a few flocks were more contaminated. Slaughtering of positive flocks in one
slaughterhouse did not lead to an increase of the contamination of the carcasses, while in
another slaughterhouse a higher percentage of the carcasses, but not for 100%, was found
positive. In laying slaughterhouses the contamination rate was rather low for carcasses as long
as only Salmonella free flocks were slaughtered. When a positive flock was slaughtered, the
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Salmonella contamination of the carcasses increased directly to a very high level and also the
carcasses from successively slaughtered negative flocks were contaminated at a high level.
This research work has shown that the Salmonella control on the farm level is rather reliable
for broiler flocks but not for laying hen flocks. Slaughtering of positive flocks result in a
massive contamination of laying hens carcasses, but not in the case broiler carcasses.
Transport containers can still be contaminated with Salmonella, leading to the contamination
of the fecal material of the next transported flock. Environmental contamination of the
slaughterline can be a source for carcass contamination. Evisceration and cooling of the
carcasses result in a reduction of the carcass contamination rate. In order to reduce the
contamination level of poultry carcasses not only attention must be given to the infection
status of the flocks to be slaughtered, but also to the contamination pressure originated from
the transport containers and the slaughter environment must be reduced to a real minimum.
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OFFICIAL CONTROL OF ZOONOTIC SALMONELLA IN BELGIUM
JOZEF HOOYBERGHS
Federal Agency for the Safety of the Food Chain, WTCIII, Simon Bolivarlaan 30, 1000
Brussels.
jozef.hooyberghs@favv.be

Introduction
Salmonella is one of the most important zoonotic agents in Belgium. In 2003 over 12.000
cases of Salmonella in humans were confirmed by bacteriology. The important serotypes are
S. Enteritidis (71 percent of bacteriologic confirmed cases) and S. Typhimurium (19 percent
of bacteriologic confirmed cases). Poultry and particularly table eggs are the main cause of
Salmonella infections in humans in Belgium. In order to control this zoonosis the Belgian
authorities are revising the official control of Salmonella in poultry.
In Belgium the Federal Agency for the Safety of the Food Chain (FASFC) is the responsible
body for the control of zoonotic diseases transmitted by food.

Present control programme in Belgium
In all professional poulty holdings specific biosecurity measures are applicable (infrastructure,
cleansing and disinfection, …).
Within 3 weeks before sent for slaughter, bacteriologic tests for Salmonella are mandatory. In
case of positive results, the birds are slaughtered separately. In 2003 about 7 percent of the
bacteriologic tests in broiler flocks and 15 percent of the tests in layer flocks were positive.
According to the former Directive 92/117/EC, hatcheries, breeding herds and multiplier flocks
are regularly tested for S. Enteritidis and S. Typhimurium. Due to an intensive vaccination
programme, the prevalence of S. Enteritidis and S. Typhimurium has become very low. From
2004 onwards, hatching eggs of flocks that tested positive in official bacteriologic tests may
no longer be sent to a hatchery.

New control programme in Belgium
In order to protect the consumer, the control programme for zoonotic Salmonella in Belgium
in currently under revision. A number of new measures are introduced. The programme will
be fully implemented in 2005.
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Breeding and multiplier flocks will be tested every two weeks in order to detect an infection
and prevent vertical transmission as soon as possible.
Vaccination of laying hens against S. Enteritidis will become compulsory. Several registered
vaccines (inactivated or live attenuated) are available in Belgium. At present a considerable
number of flocks is already vaccinated on a voluntary basis.
In order to reduce the risk for the consumer at short term, eggs of flocks that tested positive
for S. Enteritidis shall no longer be sold as fresh table eggs. After pasteurisation, the egg
products can be consumed safely.
The sampling of layer flocks will be intensified according to Regulation 2160/2003/EC.
Infected flocks will be identified much earlier and the eggs can be directed to heat treatment.
The vertical transmission of Salmonella to broilers is largely under control. In order to prevent
horizontal transmission of the infection between successive flocks in infected premises, the
FASFC will increase controls on hygiene, cleansing and disinfection in herds that have been
tested positive.
The FASFC continues to inform the consumers concerning good kitchen practices. The
controls in the catering business and restaurants have already been increased.

Conclusion
Salmonella is one of the most important zoonotic agents in Belgium. Poultry products are
particularly at risk. The situation in the breeding and multiplier flocks is favourable. In laying
flocks new measures are being introduced to reduce the consumers’ risk considerably.
Hygienic measures will further reduce the prevalence of Salmonella in the broiler sector.
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CONSTRUCTION OF SALMONELLA MUTANTS BY INACTIVATION OF GENES USING
PCR PRODUCTS.
C. ADRIAENSEN*, H. DE GREVE** & J.-P. HERNALSTEENS*.
*Viral Genetics Laboratory & **Ultrastructure Laboratory, Faculty of Sciences, Vrije
Universiteit Brussel and Vlaams Interuniversitair Instituut voor Biotechnologie (VIB),
Building E, Pleinlaan 2, B-1050 Brussel, Belgium
e-mail: cadriaen@vub.ac.be, hdegreve@vub.ac.be, jphernal@vub.ac.be
Vaccination is an interesting tool in the prevention of Salmonella infections. Different types
of vaccines were developed for this aim. Whole-cell killed vaccines and subunit vaccines
were used in humans and animals with variable results. Live attenuated vaccine strains seem
to be more interesting, because they elicit humoral, mucosal and cellular immune responses.
Attenuation can be accomplished by the disruption of genes coding for essential metabolites
or virulence genes specifically involved in bacterial resistance to host defence (Mastroeni et
al., 2001)
For the inactivation of a gene, an attractive strategy is to delete it by means of homologous
recombination. The method described by Datsenko and Wanner (2000) for Escherichia coli
K12 can be used to perform homologous recombination between linear DNA fragments,
obtained by PCR, and the bacterial genome. These PCR fragments carry an antibiotic
resistance gene flanked with FRT (FLP recognition target) sites and on both sides a sequence
of 36-50 bp, adjacent to the desired deletion, which confers homology to the target sequence.
These fragments are produced by PCR, using long primers and a template plasmid. The Red
recombination system of phage lambda, which is synthesized under the control of an
inducible promoter on a temperature sensitive helper plasmid, is required for recombination in
the homologous regions. This Red recombinase needs much shorter homologous regions than
the bacterial RecA system and allows the use of linear DNA for transformation. The result of
the recombination is a strain harbouring a substitution of the target sequence by the antibiotic
marker. This substitution mutation can easily be introduced into other Salmonella strains, e.g.
by transduction mediated by bacteriophage P22. The resistance gene can be removed using a
second temperature-sensitive helper plasmid encoding the FLP recombinase, which
recognizes the FRT sites. A scar, which consists of one FRT site and the priming sites, is left.
PCR, possibly followed by sequencing of the amplicon, can be used to confirm the deletion.
We applied this method successfully to construct deletion mutations in twelve different genes,
including metabolic genes such as aroA, virulence genes located on the pathogenicity islands
52

SPI-1 and SPI-2 and plasmid genes. Although the frequency varies, all desired mutations were
eventually obtained. The isolation and study of an aroA mutation will be shown as an
example.
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EMERGENCE OF MULTIDRUG–RESISTANT SALMONELLA VIRCHOW PRODUCING
AN EXPANDED-SPECTRUM BETA-LACTAMASE IN BELGIUM BETWEEN 2000 AND
2003
S. BERTRAND1, M. VRINTS1, K. DIERICK2, C. WILDEMAUVE3 , C. GODARD3 AND JM.COLLARD1.
1
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The emergence of multiresistant Salmonella species causes important problems as well in the
human medicine as in the veterinary medicine. Although an antibiotic treatment is not
recommended for the treatment of non-typhoid human Salmonellosis, the treatment is
essential in cases of invasive extra-intestinal infections in patients at risk or in patients with
severe and prolonged symptoms (1). The antibiotic resistance surveillance realized in
Belgium permitted to draw attention to an emergence of multiresistance in S. Virchow (8% of
the isolates resistant to at least 4 antibiotics in 2000; 29,7% in 2002).This serotype represents
about 1% of the human Salmonellosis in Belgium between 2000 and 2003. The majority of
the S. Virchow isolates (about 80%) are at least resistant to nalidixic acid. All these strains
also presented a reduced susceptibility to ciprofloxacin assigned to one substitution, Ser83-toPhe, in GyrA in all isolates tested. In 2002, also three S. Virchow isolates resistant to
cefotaxime were detected of which two were multiresistant (Amp, Amx, Tet, Tmp, Nal/Str,
Sul). During 2003, 7 new multiresistant (Amp, Amx, Tet, Ctx, Tmp, Nal, Sul) S. Virchow
isolates from human origin presented a resistance against cefotaxime consecutively to the
production of an expanded-spectrum beta-lactamase (ESBL). Six of these seven cases are
geographically related. In order to determine the origin of this contamination, Virchow strains
from foodstuff, feedstuff and environmental origin isolated between 2002 and 2003 were
screened for their antibiotic resistance profiles. Four S. Virchow strains from foodstuff
(coconut for cattle and chicken, intended for human consumption), strains from feedstuff
(samples from chickens) and environment (bedding of henhouse) presented the same
multiresistance profile. All the strains belong to the lysotype PT4, a lysotype which was
extremely seldom in 2002 (2.1%) and associated with the monoresistance to nalidixic acid.
Molecular analysis (PFGE) demonstrated that all the cefotaxime resistant S. Virchow isolates
from 2003 had the same genomic profile. The molecular caracterisation of the ESBL has
shown that
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all the isolates produced a TEM-1 and a β-lactamase of CTX-M2 type (2-3).
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THE MNTH EXPRESSION OF SALMONELLA ENTERICA STRAINS QUANTIFIED BY
REAL TIME RT- PCR
BOTTELDOORN N, WERBROUCK H, GRIJSPEERDT K, VAN COILLIE E., HEYNDRICKX M. AND
HERMAN L,
Departement for Animal Product Quality and Transformation Technology, Brusselsesteenweg
370, 9090 Melle, Belgium. E-mail: N.Botteldoorn@clo.fgov.be
In bacteria the mntH gene (H+-coupled manganese transport) was described as an orthologue
of the eucaryotic Nramp1 (natural resistance-associated macrophage protein 1) gene. In the
phagosome the bacterial and the eucaryotic NRAMP would compete for the transport of
bivalent cations (Agranoff and Krishna, 1998). NRAMP1 mediates the transport of metal
divalent cations. The cation influx provided Fe2+ and Mn2+ to the macrophage to supply the
catalytic metal in superoxide dismutases (SOD’s) peroxidases and catalases for the protection
against reactive oxygen (ROS) and hydroxyl radicals generated in response to infection. At
the same time, the bacteria will be depleted from the same divalent cations which are
necessary for the synthesis of the similar protective enzymes in the bacterial cell and for
intracellular survival. Competition between both transport systems would determine the
intracellular survival of the pathogenic bacterium.
Three major transcription regulation sites are identified in the mntH promoter region: Fur
(Fe2+), MntR (Mn2+) and OxyR (oxygen). The exact role of the mntH in the pathogenesis of
Salmonella enterica is not clear. For S. Typhimurium only a minor virulence effect of a mntH
mutant was noticed in BALB/c mice; however a strong induction of the expression after
invasion of the macrophage was observed (Kehres et al. 2000). In our study, the expression of
the mntH gene, quantified by real time RT-PCR, was compared for different Salmonella
enterica strains.
In total 8 different serotypes were tested for the basal expression of the mntH gene. The
majority of the tested strains were of the serotype Enteritidis (n=10) and Typhimurium
(n=39). All the strains were grown in Brain Heart Infusion at 37°C to the beginning of the
exponential phase (± 107 CFU/ml) or in the minimal medium with two concentration of iron
(5µM and 1µM). The expression of the mntH gene was quantified before and after induction
with hydrogen peroxide in the different growth conditions. After comparison of the basal
expression of the mntH gene relative to the control gene 16 rRNA, no significant differences
between the strains could be detected. After induction with hydrogen peroxide a 6 times
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higher expression of the mntH gene was determined and incubation in the minimal medium
resulted in a 20 till 45 times higher expression.
Differences between serotypes and strains could not be made on the basis of the mntH
expression tested on different growth conditions.
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DEVELOPMENT OF AN INACTIVATED, IRON-RESTRICTED VACCINE FOR
POULTRY TO AID IN THE CONTROL OF SALMONELLA ENTERITIDIS AND
SALMONELLA TYPHIMURIUM, AND THE POTENTIAL FOR BROAD SPECTRUM
PROTECTION AGAINST SALMONELLOSIS

F.A. CLIFTON-HADLEY1, S.W. COOLES1, M.J. WOODWARD1, B. SHEEHAN2 AND S. HOUGHTON2
1
2
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The incidence of Salmonella Enteritidis in poultry and poultry products, particularly eggs, and
the concomittant risk associated with human infection has been a cause for concern for more
than 10 years. It was previously shown that Salenvac, an inactivated vaccine produced under
iron restriction, significantly reduces S. Enteritidis infection in commercial flocks. This was
demonstrated in experimental studies which showed decreased excretion, tissue infection and
egg contamination. Vaccine efficacy was further confirmed in a large scale independent
survey of the incidence of S. Enteritidis in eggs following the introduction of Salenvac on the
UK market in 1995. Vaccination of layers began on a significant scale in 1997 when the UK
poultry industry adopted vaccination as a part of the Lion Code, which described standard
practices designed to ensure product quality. The uptake of Salenvac was extensive and
correlated with a substantial decrease in cases of human salmonellosis. During this period
Salenvac was the only vaccine available in the UK.
Although S. Enteritidis was justifiably the primary concern, other Salmonellas associated with
poultry may also pose a threat to human health, primarily S. Typhimurium and some other
group B and group C Salmonellas. Development of a multivalent Salmonella vaccine could
further reduce the risk to human health of salmonellosis arising from poultry and poultry
products. Therefore Salenvac was extended to Salenvac T, a bivalent vaccine containing both
S. Enteritidis and S. Typhimurium antigens. The present paper reports on the results of
challenge trials designed to assess the efficacy of Salenvac T against infection with S.
Enteritidis, S. Typhimurium, other group B, and group C Salmonellas.
Five groups of either conventional or SPF chickens were intramuscularly vaccinated with
Nobilis Salenvac T at the age of 4 weeks and 6 weeks. At 8 weeks of age all birds were
challenged with S. Enterititis, S. Typhimurium, S. Heidelberg, S. Agona or S. Hadar. Groups
of unvaccinated birds were inoculated in the same way to serve as controls. Experimental
infections were accomplished by the oral route, through direct installation of 1-2 x 109 CFU
of Salmonella bacteria into the crop or through the use of seeder birds. To monitor excretion
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of the challenge strains, cloacal swabs were taken at regular intervals up to 35 days post
challenge, and cultured for the presence of the challenge organisms. The growth of
Salmonella was recorded semi-quantitatively as heavy, medium or light.
Similar results were obtained in the S. Enteritidis, S. Typhimurium, S. Heidelberg and S.
Agona challenge trials. Compared with the controls, challenge organisms were shed in a
significantly lower percentage of vaccinated birds, and numbers of excreted bacteria were
lower. No significant differences were observed in the S. Hadar excretion pattern of
vaccinated and unvaccinated birds.
It was concluded that Salenvac T protects poultry against S. Enteritidis, S. Typhimurium and
other group B Salmonellas, but not against group C Salmonellas. This vaccine may offer
further benefits in extending the use of poultry vaccination to reduce human infection caused
by group D and group B strains of Salmonella.
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REPRODUCTIVE TRACT COLONISATION BY SALMONELLA ENTERITIDIS IN
LAYING HENS

DE BUCK, J.; VAN IMMERSEEL, F.; PASMANS, F.; HAESEBROUCK, F.; DUCATELLE, R.
Department of Pathology, Bacteriology and Avian Diseases, Ghent University

The contamination of table eggs with Salmonella is the most important source of Salmonella food
poisoning in humans. Infected laying hens may intermittently lay infected eggs for a long time. How
the infection of the oviduct is established and maintained hitherto was largely unknown in laying hens.
The infected hens may harbour the bacteria in the ovary or in the oviduct. The purpose of the present
study was to characterize the pathogenesis of oviduct infection in laying hens. In a first series of
experiments, primary cell cultures of the isthmal and magnal tubular gland cells were used to detect
differences in invasion and proliferation between S. Enteritidis isolates. Internalisation in the glandular
cells was demonstrated by confocal scanning microscopy and corroborated with a gentamicin
protection assay. High invasive and low invasive isolates were found, with mostly more invasion in
the isthmus than in the magnum. In a second series of experiments in vivo oviduct loops were created
for the investigation of the invasion of the oviductal tissue from the lumen of the oviduct. Loops in the
isthmus and magnum were injected with S. Enteritidis. The infection ratio of the loops was
significantly higher for the isthmus (1.3 x 10-3) than for the magnum (5.3 x 10-5). In a last experiment,
laying hens were intravenously inoculated with 5.107 cfu of S. Enteritidis. Four days post infection the
bacteria were found in the tubulary glands by immunohistochemistry. Isolation of the tubulary gland
cells of the isthmus and magnum under gentamicin pressure proved the S. Enteritidis bacteria to be
located intracellularly in these glands. The ratio of S. Enteritidis bacteria per isolated tubular gland cell
was 2.1 x 10-4 and 4.8 x 10-5 for isthmus and magnum. In conclusion: S. Enteritidis can colonise the
oviductal tissue, with a preference for the isthmus by invading the tubular glands intracellularly.
Different isolates of S. Enteritidis invade oviductal glandular epithelial cell at a different rate. The
bacteria may reach these cells from the oviductal lumen as well as from the blood.
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PROTECTION OF LAYING HENS AGAINST SALMONELLA ENTERITIDIS BY
IMMUNIZATION WITH TYPE 1 FIMBRIAE
DE BUCK, J., VAN IMMERSEEL, F., HAESEBROUCK, F., DUCATELLE, R.
Department of Pathology, Bacteriology and Avian Diseases, Ghent University
Eighteen chickens were immunized subcutaneously with purified type 1 fimbriae from
Salmonella enterica serotype Enteritidis at 18 and 21 weeks of age. Evidence of IgG and IgA
responses was found in the eggs and in the sera of the immunized hens. Three weeks later,
immunized and non-immunized chickens (n=18) were challenged intravenously with 2x107
live Salmonella enterica serotype Enteritidis. There was no significant difference in the
numbers of eggs laid by immunized and non-immunized birds. The percentage of Salmonella
contaminated eggs was significantly higher in the non-immunized group than in the
immunized group due to a higher percentage of contamination of the externally desinfected
egg shells. There were no statistical differences in the percentages of contaminated yolks and
egg whites between control and immunized birds. No differences in the number of colonizing
bacteria could be found in the spleen nor in the liver between the immunized and the control
groups throughout the experiment. Salmonella was cleared from the ovary of the immunized
birds in the second week p.i., in contrast to the control birds where Salmonella was isolated
till the third week after infection. Oviducts were significantly more infected in the control
group than in the immunized group. Salmonella was cleared from the oviducts at three weeks
p.i. in the immunized hens but not in the control hens. In conclusion, we demonstrated that the
immunization of laying hens with type 1 fimbriae reduced the number of contaminated eggs
and reduced the colonization of the reproductive organs.
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EXPOSURE ASSESSMENT OF SALMONELLA IN ANIMAL FOODS IN BELGIUM
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Introduction
Salmonella is among the most important meat pathogen worldwide. The prevalence and the
level of contamination are essential for an efficient risk assessment program but all the
different serovars do not have the same virulence potentiality.
Material and methods
Since 1997, the Belgian zoonosis surveillance program has assessed the contamination with
Salmonella in cattle, pig and poultry. Between 100 and 300 samples were taken each year for
each matrix. Between 1997 and 1999, the analysed sample amount has been adjusted to obtain
semi-quantitative results and determine the appropriate amount to investigate for each matrix.
The detection of Salmonella has been carried out with the official method from the Ministry
of Public Health (SP-VG M002). This method consist of a pre-enrichment into buffered
peptone water (16-18h at 37°C) followed by a culture onto Diasalm incubated for 24h at
42°C. Confirmation was performed by use of XLD and biochemical tests. The isolates were
serotyped. For pork and beef carcasses, samples consisted on swabs.
Results
The semi-quantitative study of 1997 to 1999 showed that the contamination level was low in
pork and higher in poultry.
For beef, the prevalence of Salmonella is low (0-6%) and significantly lower in 2003 for
minced meat (0,3% in 25g; p<0,05) in comparison with the previous years (3-6%). The main
serotype is Typhimurium (41%).
In pork, a significant and continuous lowering of Salmonella prevalence is observed since
2000 (17-32% in 25g in 2000). In 2003, the prevalence in pork varies from 6% (minced and
cutting meat) to 15% (carcasses). Most of the isolated strains belong to the 3 following
serotypes: Typhimurium (43%), Derby (21%) and Brandenburg (11%).
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In poultry, the prevalence is relatively constant since 2000 (6-12% for chicken carcasses, 1215% for fillets, 21-29% for meat preparation and 19-27% for layer carcasses) but at a higher
level in accordance with the amount of matrixes analysed (0,1g for layer carcasses, 1g for
chicken carcasses and 25g for other products). Enteritidis is the major serotype in layers
(91%). For chicken, the major serotypes are Virchow (16%), Bredeney (14%), Paratyphi B
(14%) and Hadar (11%).
Discussion and conclusion
The isolated strains belonged to same serotypes that isolated strains from animals and human.
The rate and the level (and thus the risk) are higher in poultry than in pork.
These results should be used to take preventive measures in order to lower the contamination
rate of Salmonella.
The Belgian Federal Agency for the Safety of the Food Chain (Ministry of Public Health)
financially supported this study.

63

CHEMICAL SYNTHESIS OF THE QUORUM-SENSING MOLECULE AI-2
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RUTH DANIELSB, DIRK DE VOS,A JOS VANDERLEYDENB
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Cell-cell communication in bacteria is accomplished through the exchange of extracellular
signaling molecules. This process, termed quorum sensing, allows bacterial populations to
coordinate gene expression. The signaling molecule AI-2 is produced by a large number of
bacterial species, including Salmonella typhimurium (1). AI-2 has been proposed to serve as a
’universal’ signal for interspecies communication. The chemical identity of AI-2 of Vibrio
harveyi has recently been discovered to be a furanosyl borate diester. The biosynthetic AI-2 is
produced from S-adenosylmethionine (SAM) in at least three enzymatic steps (2).
Consumption of SAM as a methyl donor produces S-adenosylhomocysteine (SAH), which is
subsequently hydrolyzed by the nucleosidase Pfs to yield adenine and S-ribosylhomocysteine
(SRH). Subsequently, SRH is converted to 4,5-dihydroxy-2,3-pentanedione (DPD) and
homocysteine. This reaction is catalyzed by LuxS. DPD spontaneously cyclizes into a
furanone, a cyclic molecule, termed pro-AI-2. Pro-AI-2 can react with borate to form a cyclic
borate diester, as determined in V. harveyi (3).

In S. typhimurium, AI-2 is produced and released during exponential growth and is
subsequently transported back into the bacteria via the Lsr (LuxS-regulated) ABC transporter
(4, 5). In Salmonella, no AI-2-regulated genes other than those in the lsr operon have been
identified. Nevertheless, a Salmonella luxS mutant has been reported to be defective in
biofilm formation on gallstones (6). However, whether this is the result of a signalling role of
AI-2 is a current topic of debate (7, 8). Winzer et al. (9) advocated that AI-2 is not a signal
molecule in organisms other than V. harveyi but a discarded by-product of Sribosylhomocysteine recycling. Changes in gene expression due to inactivation of luxS could
be metabolic in nature, rather than being the outcome of the detection of the AI-2 signal.
Winzer et al. (7) stress the need for pure AI-2 signal molecules as a final proof for the
function of AI-2 as signal molecule. We describe an original, short and convenient chemical
synthesis of DPD, the precursor of the quorum-sensing molecule AI-2. The product could be
identified by NMR spectroscopy and as its 1,2-phenylenediamine derivative, of which the
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NMR data are identical with those of DPD isolated from natural sources. The
bioluminescence assay system using the V. harveyi BB170 reporter strain was applied to
ascertain AI-2-like activity from the synthesized molecule.
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GROWTH OF SALMONELLA SEROVARS IN HENS’ EGG ALBUMEN AS AFFECTED BY
STORAGE
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HERMAN
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Melle, Belgium
Salmonella enterica serovar Enteritidis is mainly transmitted to humans by consuming
contaminated shell eggs. There is no agreement about the growth of Salmonella when
deposited in albumen near room temperature. A poor growth in fresh albumen has been
observed (Gast and Holt, 2001). Lysozyme, ovotransferrin and the alkaline pH have been
cited as the main defences (Mayes and Takeballi, 1983). According to Humphrey et al.
(1991), growth will only occur when the egg’s age >21 days if held at 20°C. Upon that
storage, nutrients or factors negating the inhibitory properties of the albumen possibly leaked
out from the yolk, because of alterations in its membrane structure. In other studies (e.g.
Schoeni et al., 1995), Salmonella was able to grow in separated albumen from fresh eggs. The
objective of our study was aid solving the problem of conflicting results of growth and no
growth of Salmonella in fresh and stored albumen at 20°C.
Separated albumen samples were inoculated at a level of 39 cfu/ml with various Salmonella
enterica serovars, including Enteritidis. The albumen was fresh or stored for up to 3 weeks at
20°C prior to inoculation (p.i.) either in the shell egg or separated from the yolk. Upon storage
at 20°C, a pronounced growth occurred most frequently and up to a one-log unit higher level
in fresh albumen than in albumen stored p.i. for 2 weeks. At 3 weeks of storage p.i., growth
occurred even less frequently than at 2 weeks of storage p.i. This phenomenon was at least
partly explained by a pH effect. Since growth in the separated albumen was similar when the
albumen had been stored p.i. in the absence or presence of yolk, we have no indication that
nutrients or factors negating the inhibitory properties of the albumen leak out from the yolk
during storage.
Also the albumen within the whole eggs was inoculated with 8 cfu to simulate a more natural
situation. Again, both fresh and stored whole shell eggs were used. Growth also occurred
more frequently when inoculated in the albumen of fresh eggs compared to eggs stored p.i.:
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ca. 50% of the fresh eggs allowed generalised growth compared to less than 10% at two and
three weeks of storage p.i.
It can be concluded from our study that cooling practices are recommended shortly after lay to
prevent Salmonella from growing in eggs.
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A SURVEY ON INSTITUTIONAL USERS OF SHELL EGGS AND EGG PRODUCTS IN
FLANDERS
WINY MESSENS, KOEN GRIJSPEERDT AND LIEVE HERMAN
Ministry of the Flemish Community, Agricultural Research Centre-Ghent, Department of
Animal Product Quality and Transformation Technology, Brusselsesteenweg 370, B-9090
Melle, Belgium
The handling of shell eggs and processed eggs from purchase up to serving to the “vulnerable
people” in institutions was evaluated at the end of 2000 by means of a questionnaire. Main
categories of questions were: purchase, storage and preparation of eggs or egg products, and
production and distribution. The response rate for the questionnaire was 54% with 68
questionnaires being returned; 22 from care homes, 20 from acute hospitals, 14 from
handicapped institutions, and 12 from crèches.
In 94% of the institutions shell eggs are consumed at a weekly average of 1.1±0.3 eggs per
capita. In 52% of the institutions egg products are used.
In most institutions (75%), the eggs are stored in the refrigerator. In 15% of the institutions,
the eggs are stored in a cold place and at room temperature in 10% of the institutions. The
average keeping time of the eggs is 1-2 weeks (48%). In 39% of the institutions, the eggs are
kept for <7 days. The eggs are kept for >2 weeks in 13% of the institutions.
The nineteen dishes made from shell eggs that were mentioned in the survey were grouped
into three risk categories: high, medium and low-risk egg dishes, based on the temperaturetime trajectory that the eggs go through. It was observed that when egg products are
additionally bought, high-risk and medium-risk dishes are less prepared than when only shell
eggs are bought. For the low-risk dishes, there appears to be no effect. Of the high-risk dishes,
shell eggs are particularly used for inclusion in mashed potatoes. Shell eggs are also used for
preparing soft-boiled eggs and eggs sunny-side up. Following the advice issued by the
Flemish Government, it should be avoided to give vulnerable groups of people soft and
medium-boiled eggs, raw egg containing meals, and lightly cooked meals (Yde et al., 1997).
By combining the histograms of temperature, storage time and high-risk egg dishes, a
distribution of consumer risk behaviour with respect to egg handling was obtained. Since no
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significant interactions were found between the temperature-time-dish distributions, the use of
uncorrelated resampling was allowed. This was done with a Monte-Carlo simulation
algorithm using a Latin Hypercube sampling scheme in 10,000 iterations. The resulting
distribution can be considered as a “hazard index”. This hazard index range can be subdivided
in 3 parts: low hazard (0-0.33), medium hazard (0.33-0.66) and high hazard (0.66-1). The
majority of simulated cases (98.5%) falls in the low-hazard category. It should be emphasized
that these simulation results should not be considered as absolute values, but must be
considered as an illustration that can provide useful insight. Also, a simple unweighted
combination of the three factors, temperature-time-dish, was used, while all factors do not
necessarily contribute to hazards in the same way.
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INHIBITION OF ADHESION OF SALMONELLA TYPHIMURIUM SL1344 TO HUMAN
EPITHELIAL CELLS BY LACTOBACILLUS RHAMNOSUS GG
PEREA-VÉLEZ. M, VERHOEVEN. T, VANDERLEYDEN. J, DE KEERSMAECKER. S, NAGY. I.
Centrum voor Microbiële en Plantengenetica (CMPG), Katholieke Universiteit Leuven,
Kasteelpark Arenberg 20, B-3001 Heverlee-Leuven, Belgium.
monica.pereavelez@agr.kuleuven.ac.be
Lactic acid bacteria as members of the normal microbial biota in the intestine are considered
to have beneficial, health–promoting effects on their host. To decipher the molecular
mechanisms underlying the antagonistic effect of probiotic strains exerted on intestinal
pathogens, an in vitro system was developed consisting of three partners, i.e. Salmonella
typhimurium, Lactobacillus rhamnosus GG (LGG) and the human intestine epithelial Caco-2
and/or HT-29 cell lines. In vitro adhesion inhibition experiments showed that LGG strain and
the control conditions did not completely inhibit the adhesion of Salmonella to the cell lines
Caco-2 and/or HT-29. The effect of pig-mucus at different concentrations was investigated
also on the adhesion of Salmonella thyphimurium SL1344 and LGG strains to HT-29 cells.
Nonetheless, no significant adhesion inhibition was observed.
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DIFFERENTIAL PROTEOME ANALYSIS OF SALMONELLA TYPHIMURIUM SL1344
USING 2D-DIGE TECHNOLOGY
K.A. SONCK, G. SCHOOFS, S. DE KEERSMAECKER AND J. VANDERLEYDEN
K.U. Leuven, Centrum voor microbiële en plantengenetica, Kasteelpark Arenberg 20, 3001
Heverlee; kathleen.sonck@agr.kuleuven.ac.be
In response to various signals, bacteria adapt their behavior. High-throughput analysis
methods offer the advantage that these changes can be studied at a global molecular level.
Such techniques should reveal as much qualitative and quantitative information as possible.
Micro-arrays (transcriptomics) and 2D-gelelectrophoresis (proteomics) are two highthroughput techniques that are complementary. Changes on transcriptional level are not
necessarily always reflected on translational level. Moreover, for the study of proteins, not
only information about expression patterns

is interesting,

also

post-translational

modifications, like phosphorylations (phosphoproteomics), are essential components of a
regulatory network. Many signal transduction cascades use phosphorylated intermediates to
pass on information to the cell.
Proteomics is a research domain that has evolved greatly over the last decade, in which the
emphasis moves towards quantifying differences in protein expression between multiple
samples. A more recently developed proteomic analysis tool is the 2D-DIGE technology
(Amersham Biosciences). Two-dimensional difference-in-gel-electrophoresis is based on the
labeling of protein samples with Cy-dyes. Due to this labeling and the specific excitation and
emission spectra of the dyes, more than one protein sample can be run on a single 2D-gel.
This decreases the number of gels that have to be run, which can be important in large-scale
experiments. 2D-DIGE also uses a pooled internal standard that is applied in every gel.
Therefore, this standard can be used to distinguish between experimental variation and
biological variation. Statistical relevant data can be obtained on biological variation between
protein samples1.
To optimize and adapt this technology to our needs, Salmonella typhimurium SL1344 was
grown in two different conditions: oxic growth, and growth conditions that mimic the
intestinal environment (micro-oxic, high osmolarity, neutral pH). Protein samples were
prepared and respectively labeled with Cy3 and Cy5 (Amersham Biosciences). A pooled
internal standard was labeled with Cy2. After 2D-gelelectrophoresis, the gels were scanned
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and analyzed for differential protein expression, using deCyder software (Amersham
Biosciences). Results of this analysis will be presented.
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CHIP-CHIP: A GENOME-WIDE LOCATION ANALYSIS TO IDENTIFY
TRANSCRIPTION FACTOR BINDING SITES IN THE SALMONELLA TYPHIMURIUM
SL1344 GENOME: TO BIND OR NOT TO BIND
INGE THIJS1, SIGRID DE KEERSMAECKER1, KATHLEEN MARCHAL2, NADJA VAN BOXEL1 AND JOS
VANDERLEYDEN1
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2
ESAT SISTA-SCD, K.U.Leuven, Kasteelpark Arenberg 10, B-3001 Leuven-Heverlee,
Belgium
Cells alter their gene expression program in response to a changing internal and external
environment. These responses are mediated by the binding of transcription factors to specific
sequences within the promoter of each responding gene. Together, these transcription factors
build up the genetic networks that control global gene expression.
The identification of transcription factor targets can be accomplished by examining transcript profiles
or by screening the genome for known regulatory motifs. However, gene-expression profiling does not
distinguish between direct effects of a transcription factor binding to target genes and indirect effects
resulting from one transcription factor inducing the expression of a second. On the other hand, in silico
predictions, based on motif detection and phylogenetic footprinting, often show a high number of false
positives.
A new technique, based on chromatin immunoprecipitation (ChIP) and DNA microarrays (chip),
allows a direct and in vivo identification of transcription factor binding sites on a genome-wide scale.
The assay consists of tagging transcriptional regulators and cross-linking them to their binding sites in
vivo. After immunoprecipitation of the tagged regulator, bound DNA-fragments are amplified and
hybridized to a microarray containing all intergenic sequences of the Salmonella typhimurium
genome. The ChIP-chip technology was first developed in yeast (e.g. Ren et al., 2000) and has
recently been applied in bacteria (Laub et al., 2002; Molle et al., 2003). To implement the method in
the intestinal pathogen Salmonella typhimurium, we applied ChIP-chip on a well documented
Salmonella regulator. Combined with transcriptomics and proteomics, this approach should allow the
identification of genetic networks in S. typhimurium.
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IDENTIFICATION OF LACTOBACILLI ISOLATED FROM THE CLOACA AND VAGINA
OF LAYING HENS AND CHARACTERIZATION FOR POTENTIAL USE AS PROBIOTICS
TO CONTROL SALMONELLA ENTERITIDIS

VAN COILLIE, E.*1, GORIS, J.1, CLEENWERCK, I. 2, VANCANNEYT, M.2, HERMAN, L.1,
HEYNDRICKX, M.1
1
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Melle, Belgium. E-mail: e.vancoillie@clo.fgov.be
2
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The majority of cases of salmonellosis in Belgium is caused by Salmonella Enteritidis.
Contamination of eggs seems to be the major source of S. Enteritidis infection. One of the
most probable routes of contamination of eggs by S. Enteritidis is an ascending infection from
the cloaca to the vagina and lower regions of the oviduct. Specific actions are necessary to
control the contamination of industrial poultry with S. Enteritidis. The presence of lactobacilli
in the vagina and cloaca of laying hens is important to maintain a microbial ecosystem that
prevents the growth and invasion of pathogens such as Salmonella spp. The use of lactobacilli
as probiotics for laying hens seems an interesting option to reduce S. Enteritidis infection.
About 200 lactobacilli were isolated from the cloaca and vagina of 35 laying hens. This strain
collection was typed through repetitive element PCR using the (GTG)5-primer and divided
into groups of similar profiles (“rep-types”). Representatives of each rep-type were identified
using partial 16S rDNA sequence analysis, SDS-PAGE of cell proteins and AFLP. More than
95% of the isolates belonged to the L. reuteri, L. acidophilus, and L. salivarius phylogenetic
groups. The rep-type representatives were also tested in vitro for probiotic properties. The
inhibitory activity towards the growth of 20 different Salmonella strains was evaluated under
aerobic and anaerobic conditions, showing a high heterogeneity between the different strains.
However, a clear correlation was found between the size of inhibition zone and Lactobacillus
phylogenetic group. Furthermore, susceptibility of the strains to the antimicrobial agents
enrofloxacin and oxytetracyclin, two antimicrobial agents which are generally used for
breeding of laying hens, was tested. Finally, strains were analysed for tolerance to low pH and
bile salts, properties which are important for survival and colonization in the gastro-intestinal
tract. From these results, a selection of strains can be made that will further be tested in vivo
for protection of laying hens against Salmonella invasion.
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MEDIUM CHAIN FATTY ACIDS DECREASE COLONIZATION OF SALMONELLA IN
CHICKENS EARLY POST-INFECTION
VAN IMMERSEEL1, F., DE BUCK1, J., PASMANS1, F., DESCHEPPER2, K. MOLLY2, K., HAESEBROUCK1, F.
1
AND DUCATELLE , R.
1

Ghent University, Faculty of Veterinary Medicine, Department of Pathology, Bacteriology and Avian
Diseases, Salisburylaan 133, 9820 Merelbeke.
2
Vitamex NV, Booiebos 5, 9031 Drongen.

Introduction.
Salmonella Enteritidis is the leading cause of human foodborne infections, associated with the
consumption of chicken eggs and meat. Measures are needed that confer protection of
chickens starting from the early post-hatch period. In addition to control measures such as
vaccination and the use of pre-/probiotics, the supplementation of feed with acidic compounds
has also been proposed to combat Salmonella in chicks. Despite the fact that short-chain fatty
acids, such as acetic and propionic acid, are commonly used to supplement poultry feed, also
other acidic compounds are potentially valuable. In this study, medium-chain fatty acids
(MCFAs), namely caproic and capric acid, were evaluated.

Methods.
Growth curves were made for S. Enteritidis grown in LB-medium, supplemented with
different concentrations of the MCFAs. Invasion assays were performed in T84 human colon
carcinoma cells after pre-incubation of S. Enteritidis with low concentrations of MCFA
(2mM). Expression of the regulator of the Salmonella pathogenicity island I, hilA, needed for
invasion, was measured after contact of Salmonella with low concentrations of MCFAs by a
reporter system using luxCDABE. Furthermore, an in vivo trial was performed in which one
group of chickens was given feed supplemented with caproic acid (3g/kg) and one group was
given control feed. The animals were infected at day 5 post-hatch with 3.103 cfu S. Enteritidis
and samples of caeca, liver and spleen were taken 3 days post-infection for bacteriological
analysis.

Results and Discussion.
All MCFAs inhibit growth of Salmonella, even at concentrations of 5mM, Pre-incubation of
S. Enteritidis with non-bacteriostatic concentrations (2mM) of MCFAs result in a decrease of
expression of the virulence gene hilA and consequently a decrease in invasion of the intestinal
cell line T84. Supplementation of caproic acid to poultry feed decreased colonization of as
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well caecal as internal organ colonization early post-infection. These date indicate that
MCFAs can be used to combat Salmonella in poultry due to both antimicrobial effects and
effects on virulence gene expression.
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COST-BENEFIT ANALYSIS OF SALMONELLA CONTROL IN BELGIAN POULTRY
PRODUCTION.
JACQUES VIAENE AND ANNELEEN NEYT
Vakgroep landbouweconomie, UGent and VEPEK.
Introduction
In order to reduce Salmonella in poultry, the European Commission is setting Community
targets. Member States must establish national control programs to meet these targets. The
Belgian program will start in 2005 and last for five years [4]. Denmark has already
implemented a control program from 1996 till 2002 [1]. The aim of the paper is to investigate
the feasibility of these control programs. The idea is to make a comparative study of costs and
benefits between the Belgian and Danish control programs.

Method
The study is quantifying costs and benefits of the Belgian and Danish control program for egg
production. Health care programs take inputs (labour, capital, etc.) and transform them into
outputs. In order to aggregate the inputs, labour and capital are valued using market prices to
produce a measure of all the resources taken up in the health care intervention. This aggregate
input measure is called ‘costs’ and is in monetary units. The outputs of the evaluation can
come in different forms and these are the consequences of the intervention. In a cost-benefit
analysis the output is expressed in the same monetary units as the costs, in which case the
consequences are called ‘benefits’. The fact that cost-benefit analysis measures both inputs
and outputs in common, monetary terms, makes cost-benefit analysis the only method that can
actually tell whether a health care intervention should, or should not, be undertaken [2].
1. ANALYSIS OF BENEFIT
The social costs of human salmonellosis are considerable. Two different types of social costs
can be distinguished. First, there are the costs of lost earnings and hospitalisation
expenditures. The precise savings for society resulting from control programs are difficult to
estimate. This is related to the fact that estimating the rise in the incidence of human
salmonellosis due to poultry-related Salmonella types in the event that the control program
had not been implemented is naturally a high uncertain process. Assuming that the incidence
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of human salmonellosis in Denmark had remained at the precontrol program incidence, the
hypothetical “no-control” salmonellosis incidence would have been 137.5 cases per 100.000
persons (pork 22, broiler chickens 30.8, eggs 57.7, and average residual 27) with a societal
cost of 33 million Euro per year (exchange rate: 1 Euro = 1.2261 US$) [5]. This means that
the control program for egg production reduces the social costs with 14 million Euro per year,
on the condition that there’s 100% effectivity. In The Netherlands estimations of lost earnings
and medical costs due to contamination of poultry meat with Salmonella amounted in 1995
and 1996 respectively 3.5 and 1.1 million Euro (exchange rate: 1 Euro = ƒ 2.20) [3]. These
figures reflect the uncertainty about the incidence of human salmonellosis. For Belgium no
precise data are available.
Also the reduction in pain, anxieties and loss of spare time constitute an important part of the
benefits of control programs. These benefits can be estimated through assessment of the
consumers’ willingness to pay for food safety. In The Netherlands the willingness to pay for a
50% reduction and total reduction of the risk of Salmonella contamination in poultry meat
amounts respectively 0.55 and 0.81 Euro per kg [3]. Unfortunately there is no information
available on the willingness to pay for reduction of Salmonella contamination in eggs and
meat in Belgium or Denmark.

Analysis of costs
Table 1 represents the estimated costs (Euro/million layers) for the Belgian and Danish
control program. In Denmark the costs per kg of broiler and per kg eggs are approximately
equal [5]. In 2000 the egg production (in kg) constituted 28.4% of the total meat and egg
production. Therefore, the cost for the control program for table eggs is also 28.4% of the
total cost.
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Table 1: Costs for the Belgian and Danish control program (Euro/million layers) [1,4].
COSTS

BELGIUM

DENMARK

Administration

-

33.326

Monitoring/analyses

65.141

151.220

Cleaning projects

237.140

3.720

Producer consultancy

-

12.872

Producer indemnification 8.862

199.310

Vaccination

249.714

0

Total expenditure

560.857

400.448

Exchange rate: 1 Euro = 7.4363 DDK

Conclusion
The cost-benefit analysis shows a different approach between the Belgian and Danish control
program. In Belgium the monitoring and analyses are financed by the government and the
EU’s Zoonosis Directive serves as the basis for 50% of the producer reimbursement. This
means that 88% of the costs are at the expense of the producers. In Denmark 25 million Euro
was originally appropriated for the implementation of the national Salmonella control
program for the production of table eggs and broilers (1996-2002), of which 4 million Euro
(16%) was contributed by the Danish Poultry Council, while the remainder was provided by
the state [1]. In Belgium, since all benefits are in favour of society, there is no equal
distribution between costs and benefits for society, government and poultry sector.
The study also shows that the control programs emphasize physical measures (legislation and
targets) and economical instruments (taxes). An optimal policy aims at application of
economical instruments (also subventions) in harmony with both physical measures and
communication (research and guidance). The control programs should pay more attention to
the potential benefits, the willingness to pay by the consumer, the distribution of costs
between the stakeholders and a targeted communication.
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PHAGE TYPING OF BELGIAN SALMONELLA ISOLATES: TRENDS IN 2003.
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Nontyphoid Salmonellosis is a major zoonotic disease in humans. In Belgium, in 1999, the
incidence of laboratory confirmed cases of salmonellosis was 160/100 000 inhabitants. After
that peak of 15 774 cases the incidence decreased to 10 075 in 2002 (1).
In the Netherlands, the distribution of sero- and phage types from human and animal related
Salmonella isolates shifted over the period 1984 - 2001. Serovar Enteritidis phage type 4
(PT4) and serovar Typhimurium phage type 104 (DT104) became the most frequent types (2).
Belgian human isolates were sent on a voluntary basis to the National Reference Centre for
Salmonella/Shigella for serotyping. Phage typing was performed on a random sample of the
identified Enteritidis, Typhimurium, Hadar and Virchow isolates. Non human isolates were
provided by the working group of food borne infections and intoxications. Phages were
distributed through the Enter-net network.
In 2003 a total of 12 769 human isolates were serotyped. Of the four selected serovars, 891
human and 83 non human isolates were phage typed, allowing a comparison with the former
three years. Serovars Enteritidis and Typhimurium counted for respectively 489 and 315
human isolates, 23 and 30 animal isolates. Serovar Enteritidis phage type 21 (PT21) became
preponderant: human 34%, animal 57%. It outnumbered the former common PT4 (29% and
22% respectively). The presence of PT21 in human isolates can possibly be related to the
PT21 of animal origin. Chicken products were already correlated with specific S. Enteritidis
outbreaks (3, 4). Serovar Typhimurium phage type 104 remained dominant: human 18%,
animal 30%. It was followed by phage types 193 (16% and 17% respectively) and 120 (15%
and 13% respectively). Multiresistance, preferably associated with DT104, can be a possible
explanation for the high percentage of DT104 (1). Among the few serovar Hadar isolates
phage types 1 and 2 remained dominant. In serovar Virchow phage types 8, 16, 21 stayed
significant, phage type 4 emerged (linked to a clonal multiresistant pattern).
So, the changing phage type distribution enabled to get an insight into evolving strain
prevalence.
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